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will  he  (I;..!  for  all  fact^  and  tiiiures  taken  from  the  literature,  so  ihat 
there  w  ill  he  no  ainhigiiitx  as  to  what  i>  <ild  and  what  is  lU'w  . 

I'Rl.rARATIO.N  OF  MKTAI.I.K"    ((.HALT    FOR    Till-  STIDV  OF 
ITS  I'HVSICAl.   I'KOI'KkriKS 

It  is  trne  of  cohall  as  of  most  metals,  that  its  physical  proiierties 
arc  often  Krt'iltb  inlliienced  hy  the  presence  of  small  i)ercentat;es  of  im- 
pi:rilies.  ll  i>  well  known,  for  e\am|)lc  that  le>>  th.m  01)1  per  cent  jf 
arsenic  in  copi)e-  is  siitticient  lo  account  for  a  clroj)  in  its  electrical  conduct- 


ivilv  of  ,?-.?  [MT  ((111.'  Siniilarlv,  for  ccil.all  \\v  tiinl  thai  a  few  ii'iillis  of 
one  [XT  lint  ol  iiiii)iiriiir>  ofiiii  doiilili-.  or  lril)lt>  il>  ilirirical  rfM>lam(-'. 
Tlir  rol)all  for  ihoc  iiufstinatioiis  lias  liifii  prtpartd  l>y  ridiiitioii  of 
(dhall  oxidf,  CoiOi.  Coiimn'rcial  oxidr  wax  oliiaiiud  from  tlir  snifliirs, 
and  after  a  crude  puritiiatioii.  has  lieeii  rediui'd  to  f<irm  what  we  shall 
r.ill  "commercial  cohall";  ajiaiii  this  commercial  cxide  has  been  purilied 
to  a  hinl)  denree  of  purity,  from  which  ha-  been  i)repared  wiiat  we  style 
"pure  colialt".  These  twi)  names  are  used  in  this  paper  l.ir^ely  for  brevity 
and  convenience;  the  analysis  of  each  sampJe  is  nivi'n  with  the  data  t.l 
its  proiHTlies.  The  properiies  of  each  of  these  have  been  measured,  and 
will    be  discus>ed   separately. 

Preparation  of  "Commerclar'  Metallic  Cobalt. 

Ulack  cobalt  oxide.  CuAh.  as  obtained  from  the  smelters,  was  given 
a  crude  puritication.  .lU'l  then  reduced  with  carbon  to  metallic  cobalt. 

This  purilHation  was  carried  out  in  accordance  with  the  procedure 
Hiveii  below,  under  "  Purification  of  Commercial  Cobalt  Oxide";  except 
that  no  particul.ir  care  was  taken  that  the  separations  should  be  complete. 
That  is  to  sav,  the  puritication  was  such  as  could  be  effected  cijmmercially 
at  coniparati\ely  low  cost,  and  is  such  as  is  at  present  attained  in  the 
manufacture  of  the  best  commercial  cobalt  oxide. 

Three  samples  of  cobalt  oxide  from  which  this  commercial  cobalt 
was  ma<li'.  anahsed   as  tollows:  — 

June.  1912.  ':'( 

Co 71   W 

Fe O-U 

\i  ()-()4() 

S  »"2l) 

Cii  0021 

Si 0090 

November.  1<>12.  ( 

Co ■.  .71-52 

Fe <»-27 

Xi  0020 

Si  0-lWO 

S t  race 

Ca ir-'ce 

April,  l'>t.?.  'i 

Co 70-4 

Fe <»1»'2 

Ni trace 

Ca 0-lS 

S  ..0-21 

Si.'.'...:::::.: o-n 

AnaUses  of  the  "commercial"  metal  produced  from  this  oxide  will 
be  given  in  connexion  with  thi-  measurements  of  its  physical  and  mechanical 
properties. 

•  I     H.   Di'llinucr.     -TIil-  TiMiiperature  C.M-fficicnt  of   Hi^sistaiv.- of  CoppiT".  Ilnll.-tin  of  thi- C.  S.  Hi.reau  of 

Stamhmis,  \'ol.  7,  I'Ml.  pane  'V. 
I  This  paiKT.  pp.  .1(1-40. 


klDK  TION    WITH    <  A  Kill  IV. 


Kiiii'lv  (lividfd  lol.ali  oxi.lc  w.i-  inlim.il.lv  miM«i  willi  im.w.I.it.I 
ihariual,  tiif  anininil  of  cli.irco.il  luinv;  alxaii  10  piT  ii'iil  in  ixf.--  ol  that 
rtfiuirt'd  l>v  ilu-  t(|iiaiiuii, 

2  (■<•:,«».  +  4  (■  =  (>  Co  4-  4  COj. 

This  cliaruf.  uMiailv  5  li».  <>f  :)xi(ic,  \va>  rcduct'd  in  a  urapliiif  criiriljlf. 
lillur  Willi  .1  Stccic-llarvcv  oil  tired  liirnaic.  or  in  .i  moditiid  M.okin-. 
d.ciric  r.'Mslor  furiia.v.  Vhv  diarnf  was  frr(|Ufnlly  siirr.d  durmn  iIk' 
ri'diKiion  and  tlu'  uniiwratiin'  was  n.iiirollid  at  aixml  1,(H)0  (  ,  niakmv; 
tiniixraturt'  (ihservalions  willi  a  siiitalilc  iiyniincUr.' 

When  till'  ri-diiclion  was  n.mpli'tf.  or  nearly  so,  the  uniperaliire  ol 
the  furnace  was  raised  to  alioiil  1.55(»°C.  siiHiiieiil  lo  melt  the  roball. 
Bars  of  col  .alt  were  not  cast  at  this  temiurature  l,55(l°(' :  for  m  that  event 
tht'  caslinns  would  he  found  to  l>e  permeated  with  Mow  holes.  In  order 
to  ol.viate  this,  the  common  practice  of  ">oakiiiK"  was  adopted.  In  the 
case  of  cobalt  this  consisted  in  lowerinn  the  temiierature  of  the  melt  from 
approximatelv  l,.s5(t°C  to  apiiroximately  l,4').rC,  mamtaimnn  it  at  that 
temiierature  for  about  one-half  hour,  and  then  casting  trom  this  reduced 
temiH-rature,  which  was  hut  sliuhtly  above  the  meltinn  jioint  ol  the  met.il. 
The  castiuK  was  into  sand,  or  iron  moulds,  in  lorms  suitable  to  heswanwl 
into  wires,  rolled  into  sheets,  machined  into  lest  bars,  or  to  be  use<l  lor  what- 
ever ixiKrinieiits  were  re(|uired.  . 

The  "commercial  <()balt"  obtained  in  this  way.  invariably  contained 
in  the  ueiKhlM.urh.MKl  of  ()-2()  per  ct^iit  carbon,  together  wilh  ucti  sm.il 
percentages  of  iron,  nickel,  sulphur,  calcium,  and  silicon,  as  were  conlained 
in  the  original  oxide,  and  not  sla^,'ncd  off. 


and 
paper 


The  metal  pn^luced  in  this  way  varied  in  (luality  from  time  t<)  t.nie. 
its  analysis  will  l)e  given  for  each  of  the  tests  to  be  descn!  d  in  this 


MKTAl.l.K-    roBAl/r    OF    KXTRKMK    PI  RITV. 


Part  of  these  experiments  were  designed  to  obtain  measurements  of 
the  physical  properties  of  cobalt  of  much  more  extreme  purit\-  than  would 
ordinariiv  be  found  in  industrial  practice.  For  this  purpose  nietal  was 
obtained' from  a  specially  purified  cobalt  oxide,  either  by  reduction  of  the 
oxide  with  hydrogen  gas',  or  with  carbon  monoxitle  gas. 

Purification  of  Commercial  Cobalt  Oxide. 

Cobalt  oxide  as  obtained  from  the  smelters,  and  as  sold  on  the  m.irket, 
usually  contains  small  percentages  of  the  following  impurities,  Ca,  S, 
As,  Si,  Fe  and  Ni.  . 

This  commercial  oxitle  was  purified   by  either  one  ot   the  following 

mcthotis''': — 

MHTHOD   A. 

Starting  with  a  crude  cobalt  oxide,  the  impurities  may  bi'  reduceil, 
as  far  as  is  desired,  by  the  following  procedure. 


>  For  a  full  description  of  ex|ii-rim.-rit»  on  the  |,r!-i«ration  ol  metollu-  o.halt  by  reduction  ol  <'''  '""'J'^  "  f'' 
carbon,  .rr  Prt-paration  of  Mrt,,ni.  Chdl  |.y  R.-w|n.-tion  of  th.-  Ox;d.-  .  Hi-rbt-rl  T  Kiilm"-  Hullctm 
No.  i.SO.  Mines  Branch.  Canada  Dip^irtmcnt  of  Mines,  pas-.- 4.  l<)l.f.  ,wwl  .■• 

'  I-or  details  of  the  ai.pliration  of  this  nietllo.1,  see   -Hr-paration  of  Melallii-  (  ol.alt  by  R.-.lilct.onol  the  Oxuk 
llertjert  T.  Kalmus,  Bulletin  No.  li<>.  Mines  i^.anch.  Caiuula  Di'partnient  ol  .Mines,  pane  ,t.  fit. 


.Siliiii.  I>i—.nl\c  ilir  criidf  i>\iilr  in  Imlriiililnrlc  .iiiil.  .111  nrilini,  tn 
ihr  rr.niii>n, 

(..(),  +  M  111  1  U  (.(  i,  f  »  II.O  +  (I. 
riii-  III, IV  ln'^1  111'  iliiiii'  liy  lic.iliiiv;  .iiicl  .inil.iliiiu  willi  >hMiii  ll  ^ilit.i  is 
|ir»-Miii.  it  will  licit  ili->«iil\(  ,  ,iiiil  iii.iN  lie  rtiiiiiMil  ii\  tilir.uiuii  ur  (iti.ini.i- 
liiili.  Till  >.iMic  i^  true  nl  siliialt--  wllitli  .iir  mil  (liTniii|Mi-.nl  liv  llii>  lic.lt- 
iiitiii.  I  )i(  iiiii|)ii-,ililf  *iiic.iii>  wmilil  M'liil  .1  riri.iiii  .iiiuniiii  <il  ^ilii.i  into 
Miliiiiuii.  wliiili  wiiiild  lie  iliriiwii  mil  .i^j.iiii  (iiiriiiu  ilic  iii\i  -tip.  .mil  ln' 
lilicriil  lilt  wiili  tlif  .irMiiic  .mil  irmi. 

Iron  mill  Arsi-nii .  In  ill'-  cuImIi  1  lilmiilf  -ulilliini  lnriiiiil  li\  (li-.-iil\  inn 
llif  ii\iilc  ill  luilriirliliirir  .iriil  .w  alHivc,  nr.iilii.illv  .ulil  liiiflv  iliv  iilcil  ( '.i( '( ).i 
ur  pure  iii.irlili',  until  nu  liiriluT  pricipit.iic  i-  Inrmcil.  Tlii-  i.iliiimi  r.ir- 
liiin.iif  .iililitinn  will  prciipii.tr.'  ,1  li»'.i\\-  liniwn  mini,  wliiili  inni.iiii-  iln' 
iriin  .mil  .irM'iiir  cuiitcni  ul  t'    '  iirii.:iii.il  ii\::li'. 

Xiiki'l.  I'lir  niii>t  piir,  .i>»>  ii  will  imi  In-  lui  1— .ir\  in  -rp.ir.iif  ilir 
>m;ill  .iinnimi  nf  nirktl  Irniu  ilir  inli.ilt.  Inii   il   ilii-  i>  ili>ir.ilili-  it   iii.ix    \iv 

(Inilc  .l>  I'nllnw-.  Tlu'  cnli.lll  <  lllnl'iilc  M>llltinll.  i  mil  .linillu  ,1  itrt.lill  .llllnlint 
nf   nil  krl   (lllnriilc.   i»  nl   an   inlrllM-   nil   nr  cl.lli't   cnlnlir.      Ailil   .1   -nllllinil   nf 

Ml. nil  In  liii-.  mi\r(|  (lllnriilc  -nliitinii  miiil  it  !i.i>  .ilnm-t  inniplcicK  In-t 
it- rnlniir.  Tile  lilc.it  ll  -.nlllt  inn  (liflircllt  i.ilK  pn  ripit.ili- ll>  ilr.ilr- nt  iiii  kcl 
.mil  rnl.,ili.  M.  tli.it  the  nickel  i-  tint  .ipiniii.iiiK  brnuulil  il  wii  imlil  tin- 
inli.iii  li.i-  liccn  iiliiin-.|  cntirily  iiri'cipit.itiil. 

riif  lilr.iili  will  priripil.itf  .1  lil.iik  li\  ilr.itiil  nxidc  nf  inli.ill.  .mil  ilic 
ilimiiii-liiiij;  rtiliio-  nf  the  -nliiiinii  will  indir.ilc  tlu'  iiid  pniiit.  Il  .ill  n|  liu- 
?.tip>  .iliDM'  niitliiud  li.ixc  lifcii  .ippliid  In  ilu'  nri^iii.il  nxidc.  llii-  liiLil 
Mack  precipitate  m.i\  lie  c.ilcined  .it  ahnin  T.^lfC,  in  yield  1)1. ick  (iiiO,. 

Siilfiimr.  .\ii\  -tilplilir  which  wa>  prcMiil  in  the  nriyiiial  nxidc.  .md 
which  h.i>  liei'ii  carried  thrniiyh  In  the  tiiuil  prndiicl.  nr  which  m.iy  h.iM- 
lieen  iiitrndltced  with  the  bleach,  ma\  readiK  he  reiunvcd  liy  hoilins;  the 
liiial  dried  nxide  with  sndilim  carlmn.ite  .mil  dihile  Indmchlnric  acid,  as 
fnllnws.  The  N.ij  CO,  riacis  with  the  •.iilphiir.  which  i>  in  ilie  fnrm  nf 
siilpii.ite  .ifler  the  c.ilcin.itinil.  .iccnrdiii^  In  the  re.ictinii, 
C.iSO,  +  N.ij  ("(),  =  Na-j  SO,  +  (a  CO;. 
The  -nliilile  Midiiim  siilph.ite  formed  is  washed  niit  with  w.iter.  A  fiirtluT 
w.ishinv;  is  jiiveii  with  diliile  ludr  lilnric  acid,  which  decnmpnsis  the  cil- 
ciimi  c.irlinii.ite  iiiln  xihilile  caliium  chlnridi'  .md  ('<)j  i;.i>.  llu'  t  .i(  Ij 
is  w.ished  niit  with  w.iter.  riii>  meilmil  is,  nf  cntir>e.  niily  applii.ilik'  Inr 
the  reiiinv.il  nf  sill. ill  perceiii.,  cs  nf  C.i  .111(1  S,  as  tlu'y  are  fniind  in  ihc 
oxides  in  iiuolinn. 

Ml. mot)  /f 


lai  l)isM)l\e  cniiimerci.il  (  (>i()i  in  Indmchlnric  .icid,  .mil  lilter  nr 
decani   nil   iiiMiliilile  -iiic.i  and  silicates. 

ilii  .\(ld  lineK  divided  CaCO,.  preciiiitatinij;  a  liiav\-  hmwii  mud 
which  cniuaiiis  the  iron  and  .irseiiic  cnnlent  nf  the  nrisiinal  nxidi'. 

U)  .\dil  inriiim  chlnride.  iiefnre  filtering.  In  precipit.ite  -iilph.itos 
as  liariiim  sulphate,  .iiid  then  dec. ml  .md  lilter  cnmplele  precipil.ile  Irniii 
(ll)  and  ic!. 

idi  There  will  now  remain  .1  snhitinii  nf  mixed  CnClj  and  NiClj. 
Tn  llii>  Miliilinii  add  .1  lillered  hie.icll'  solulinll.  which  will  ilillereiili.ilU' 
precipit.ite  the  nickel  and  cohall  as  Indratis.  Th.it  is.  the  ble.ich  will 
precipitate  a  black  Indrated  oxide  of  cnball.  and  the  <''     ini-hiiiij:  redness 


Tlii<  lil.-.i.  ll  ■..)liili..ii  <li.iulcl  !»■  In-i-  fniiii  Milpli.il.-.;  il    n.it.    u    ^liuiil.l  In'  n-ii 
liU.-rim;. 


l,v  .i.l.liii.;  H,i(  I;    iin.l 


5 

1)1     '"  ^nliiiiiiii   will   indii.itc   llii'  riiil   |iiiiiii   ,il    wliiili   iiii  k<  I    IimIimIi     will 
Ik'KIi)  (••  prt'i'ipil.iU'. 

Tlii->  liii.il  lil.ti  k  priripiMii  u.i^  ilritd  .mil  c.ili  imd  .il  .iliinii  7«ill  (' 
yiriilinu  lil.uk  ('ii,(l,.  |U  ilii»  iiuiIicmI  iividc  i  iiiii.iiiiim;  niiK  ir.id'^  uf 
itnpiiriiio  \\,ih  iilit.iincil. 

(iili.ili  nf  lAtrinif  piiriiv,  lur  uiir  |i-.i-.  u.i^  in.iili'  tnmi  -m  'i  usiili'  .i^ 
this.  Iiy  riiliuiiuii  w  itii  livdroi^cn  K'I^  •"'  w  iil>  <'.irl)nii  tiiiini>\iil('  y.i*. 

rile  an.ih-c^  1)1  ilii»  pun  im  i.il  will  Im'  until  wiili  tin  \,irii)ii'  ir-.u 
ol  il>  propcrtii'^.  tlit    IdIIdw  iii^  lifiiii.;  .i  iN'pic.il  r\.iiiipli' 


C. 

Ni 

S. . 
v'a. 

«■ 


')')') 


IH 

illc 

10 

np» 

l)< 

nil- 

lllll 

Illc 

ui;i)r( HON  oi  «...(),  wini  iivi)Un(.i;.\  and  c  akiju.n 

MONOXIDi:  <i.\S 

Tin-  liiirly  (lividtil  loli.ilt  oxiilf  w.is  pl.uid  witiiiii  .m  cliilric  rc^i-.l(ir 
furii.Kf.  ill  .iii.iIiiikIuiii  or  ^ilii-.i  iiuirtK-,  tliroiiiih  w  iiicli  ,i  -.icuii  ul  liyilrnytii 
Ol ciiImiii  iiKiiKixidf  i;.i^\\,i~  p,i>-.ii|.  riic  iciiipci-.ttiirr  \\.i^('i)iiin)llfi|  ,11  .liioiii 
'>,^(r(',  by  >ii'"  liilf  pyroiiuUT  i)listr\.ilic)ii-  .iiiil  liif  tsci'^.- ul  ;^,i>  \v,i-.  Iitiiiuci 
al    till'  discliaiKiiiv;  <iid  ol    llif  I'lirii  uf.' 

I'lif  iiut.il  loriiucl  iiy  ndiictiiiii  in  ilii-.  w.iy,  wa-^  in  ilic  Inriii  dI'  a  tiiuly 
di\idt'd  uriy  pnwd  r,  il  tlif  rcdiic'inii  \va-  iiiadi-  in  llic  luiyliliumliiMid  ol 
'XXI  ('.  and  ill  llif  urin  ni  a  inure  nr  K-^  -.inicrcd  );ny  powder,  il  ilie  re- 
(liielion  w.i  made  in  llie  iiei);liliniirlio(«l  ol  KHKI'C.  It  \v,i^  placed  in  .  .r 
ahmdimi  limd  triiiible,  williiii  .iii  eleetrir  ri>i>lor  liirnaee.  nulled.  ,nu\  e.i-l 
in  ihe  de-ired  torin  lo  lie  rolled,  -w.imd,  or  liirned. 

I'lie  eoh.ill  ol  exlreme  purilv.  prejiared  in  llii-^  \v.i\',  x.irittl  >iii;iiily  in 
<|iialily,  aiKi  cliemic.il  analyses  will  he  yi\tn  tliroanlioiH  tlii>  paper  .lecoin- 
p.mxiiii;  the  report   ol  i-,irli  ot'  the  ie>t-.. 

COI.dl   1^ 

I'lire  nulallic  eoh.ill  \ir\  iiuieli  riMinhler-  iiiekel  in  colour,  .illlioiiiih 
when  plati'd  anil  polished  uiidi-r  proper  conditions,  whik'  heaiililiilU  wliite, 
il  posst'sses  a  slightly  hlitish  c,i>l.  Sonutiines  il  deposits  as  .i  hl.ick 
niatti'.  Mi'lallic  cohall  which  lias  heiii  reduceil  from  the  oxide  .it  ,i 
suhicietitK'  low  teinperaiiiri'  is  .i  i;riy  powder. 

i)i;Nsirv    si'ixiiic  (.kavhv 

The  density  of  hoth  cast  and  rolli'd  cohalt  w.i-  determined  in  litis 
lahoratory  h\-  the  Archiimdes  inetlKMl.  A  s|)iKre  or  cylindir  of  the  material 
was  weighed,  iisiiij;  a  delic.ite  halance.  iiotii  in  air  and  under  w.iter  The 
wei.uhin^s  were  correctid  in  the  computations  for  the  huoyancx  of  the  air, 
and  the  nieasurements  rt'dticid  so  as  lo  he  I'xpressid  in  terms  of  water  at 
its  maximum  densit\,  ih.il  is.  at  4^('.      Followinj;  are  the  results: 


'  i-.-i  .1  dr-i  ription  of  thf  nit'th.Hi  of  piirilkMlion  of  tin-  n.i.*.  of  thi'  'Ii-tail*  of  ,iiii.,ir;itii-  in^l  ot  th.-  tii  ■:  'i...|  ut 
.nmiuctitiL-  rnliuliini  runs,  si-e  "Purifuiition  of  Metallic  Cotiall  1)\-  Kcciiuiioii  of  iti--  ( )\i.lf  '.  H.itHrt  T. 
K.iliiuK.  Hullctin  No.  .'5').  Minis  Hranih.  Caiui.la  Uii.artnwiu  of  .\Iiti,-s.  pp.  II    il    loH 


DvnMity  or  "  Oimrnvrchil  (;«»bnlt. 


ftf'/   .IM  I    l'n.ltttt..il..!. 


IPIIInl,.  r 
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I"i"i"t      II'  a     "1.1    III.,  h.ini,  ,il    ir.'.i.     .\iuilv>U 
•■•'"<•'■■  hi 
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''■      *.    I'M  t      l>lifii|ri       I    i-l    lr..ii,    lu.t    ,,l„,\,     III.  |iili.i  (  ,,  'M.N  »    ;.)'),•  in   «=t" 

..1II..II        I'.. ml   III  ir.. II  |.|,  ,lll..v>..|  !■.  \l  ll-5ft 

..«!',  .111.1  liirii..|  III  I  nil...  I..       J    u,        N-.- nil,  i..i,li..(.nit.ii.li 
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I ir 

I  '  I'    '"'I*  Tlitii       (  .i-t  ft. nil  jti-t  .il...\..  iii,.hiinii  ,,  ut>  <         ^;it>Ht        I ;  (■ 

\>'l.'. I  .  Vllll.|ll..ll      IH.IllI   111   lt,,M   1.1     ,lll.,V(,..|   l.l   \l  .'11 

li>''l.l'i  li.ir.         ..Hit  Ml  ii.iii  iii.iiil.i,  ,111.1  tutu..!  I  .        I     '.- 

"""■'"""•■  ill  Lull...  I  II    tin      N,.  I  ,„  t.ii.li..l....t.ii.h 

">  II  IIM  I'l.il.-   \  II. 

I'  II  111* 

lili.  I'MI.      1  Nliiiilri..il  (  .1-1   In. Ill  jii.l  alnin'  in..|tiim<"  ''7   m  .'<«.««  K'l 

^^'■i.i«''"'  I'.ir.  .".nil  111  lr..ii  iii.ml.l,  .illiiu,-,l  til  \i  il-.Ml 

Uilir  .l.enr-  «il  n.  ..,,,1  in.mM,  .111,1  |i,iii,..|  (.,.        1.4,, 

""I"""""'  '1  '   '"'■  >  I"  "ill      S..(.  nii,r..i.li..li.utji,li, 

'  II  It  I'latf  \l. 

I  .1      ir.icr. 

"<i  11  ll.'tl 
1*        ini.-f. 


Density  of  Pure  Cobalt. 


('  I  I  .1.1..'   I  '  ii,IHHi(lli'ii. 


SaniT.I.- 
nunitiiT. 


H  2IJ 


II  l\\ 


II  Mi 


1-uriii  ot      il...it    .ui.I     ill.  rliaiiti  al    tri-at-     .\iiah  ..is. 
..aiiipli..  iiiiMit. 


U>n-iiv 

Viilui-  at  ^( 


Jall.-I'i.|i.        C'vlimlri-    Ca^t  fr.iiii    jiHl  .ilmv..  nnltinn  Co 

I'M)  miliar.      rHiiiit.  alliiu.-.l   i.iuk.I   m   item  l-|. 

.Xvi-rauiMil  ..ix  inoiilil,  .mil  iiirm..l  in  lallii-.         \i 


(a 

Si 


I")  .) 
I),  jii 
none 

Il'llH' 

0  111; 
niini* 
n.ine 


.\l.l.  i,   I'.U. 


IIU-tlT 

(I  IK«>| 

CI114. 


N.iV.  1  V  I'M.i    Cylinilri- 
cal  liar. 


iiM.  ami  liix.'ii  sp.-,  i.il  h.Mt  l-"e 

ami  111. .  iianl.al  trf.ilnii-iit.  .1.  -  Si 

rorilini;  Ki  i.aui-  HI.  alii-r  wliu;li  (  .1 

it  was  pwaii.'.l  it.  uir...  s 

(■ 

I' 

(  .1^1  tr.iiii  jiMt  alxivf  nicUina  i  «» 
l-illlt.  .iHi.vt.-.l  to  iiHil  in  irun  M 
im.iiM.  .111.1  tunnel  ill  L.th...         I-,- 


mine 

I  li 

II  It 
n.ine 

11  IIIJ 
II  lU'l 
II  1)10 

')<i  ■  I 

mine 
11  .Si) 
II  D.'l 


■  mi.  r()iih..t..i:raiih. 
I'lat,.  I\  . 


Svt.iwf.i      Cast  frniii   I'.ist  .iti.iv..  inrltinit  t'u    *).'<.71         H  i<\*ni 
wire  1.1  .|ia    l"iint,  allmMnl  t.i  ,  .kjI   in   iron  \i 


I'  mi.  ri.i.h'.t.iiiranli. 
l'l,ili-\  1. 


II  .'II 


II  ni 


i.iii.-i-fi). 
I'll). 

AleruB.-  ..  f 
three  .leter- 
tninaliolis. 


Cvlm.lri. 
.al  l..ir. 


t.i.st  Iri.m  iust  alxjvp  ineltinK  (  .i 
IHiilil.  allowe.l  tu  c.Mil  in  iron  I-e 
nioiilil.  and  tiirn.'ii  in  l.iilie.        s 


W-7.t         ».77J.'  It.T. 

0    14 
II  Ulv     See  tiiicropliotoi;rai)h. 


C'l^/  and  .\n»falf! 


Si 


Jan.  1.1.  I'lU.  Thin  i  jlin-  I  ast  fr..       jii«  above  melting  Co 
drical  bar.    point,  allowed   to  c.wjl  in   iron  Fe 
niotiM,    an.t    tiirm'd    in    lathe.  >'i 
.\limale.l  from  71K)=C.  C 


I 


Ca 

Si 


none 

none 

0  ■  U.'ll 

u-iO 
none 
none 

0  017 
none 
none 


Plate  \  . 


HS'C. 


I-I.MI      I 


ririr\rll  ll,ir.|iii>-   Ti-iiiiu  \I.iiliiii 


Saiiiplf 


I'orm  of     Hi'.u     riiiii     iiif  h.iiiit  .il    tri.tt      Aii;il\sis, 
(*:ifiiplo.  mi'iil- 


v.ihii'  .It    (', 


H  Jl.l  hin.  ID.  1''U.  Thill    .y-     (':lst   (riiiii  jii^t  al)i)V.-  iiic-liini;  (  ,.  'I')  T.t        S.')J7S  1  IC. 

iinilric.il     iKiint.  cotilcd  in  iron  iiioiilil.  .mil  i-i-      n-Ii 
li.ir.         swimnl  tinwii  t'l  Ihiii  i\linilri-s         ii  01'* 
r:-\  h.ir.  \i  mm.- 

(  IIHMI. 

M         11  CIMI 


II  .>1.>            l.in.  -M.  I''l  I.        Win'.        C.i^t   fniiM   iu<l   ;il...v..  in..|liin;  (  ..  '!')'>           S'H 

n   nsH)<Mi<    IHiiltt.  ri>Ml<.|]  in  irnii  tlloill'l.  ;LTI<i  ]•'  11    -.'II 

ilMllirn-r.     >\v:ii:i.'i   fliiVMl   In   tlllll   I'.lilnlll-  \l  Il'Mif 

,  ;il  hur.                                             <  n.Mii- 

s  iMu; 

C.i  lliiiir 


I'll;. 


A  iiiimliir  of  (K'nsit\  (ltlfriiiin;itii>n>  ul  mi'l.illic  ((iliall.  as  iiiadf  l)y 
ollur  iii\  i>tii;ali>is.  arc  R'conlcd  in  llic  liliraliirc,  mosl  <i\  which,  iiowi'xiT, 
wire  niailc  at  an  iarl\-  dalf.  and  \ir\-  lilltc  is  said  of  liic  naliirc  of  liic  nutal. 
'D'c  following;  l.ililc  of  saliii's  is  lakin  from  ihi-  niorc  rccinl  iiid  prohaliiy 
niori'  aicuraio  ot  thtni. 

Density  of  Cobalt. 

Tildcn' 8-71.S  2\H- 

G.  Nniinann  and  1'.  Sirfiniz- S-() 

Copaux' 8-8  15"C 

WinkliT' 7<)(.7S 

Kalmiis  and  HarpiT,  imanncalcd 8-  7'MiS         17()'^(' 

Kalinns  and  Harper,  annealed 8-8105  U-5^C 

Kaliuus  and  IlarpiT,  s\vat;e(l 8-'^25.>  U)-5°(\ 

'I"hf  \aints  from  the  literature  are  j^eneralK-  lower  than  those  measured 
liv  lis.  no  doulit  lii'iaiise  of  impurities  in  the  metal,  or  heiause  ol  the  dilti- 
riilties  of  rastiiiK  without  oieliiding  a  lertain  amount  of  K'Is. 

HARDNKSS. 


Hardness  Testing  Machine. 

Hardness  measiirenu'iits  were  made  in  litis  hil>orator\-  on  a  standard 
Olsen  hardness  lestin.u  marhiiie  of  100, (HK)  lbs.  raiKuitv',  (  riniiis  ( )lsen  Co., 
I'hiladelphia,  I'a.),  as  shown  in  Plate  1.  The  maeliine  eonsists  of  a  frame- 
work on  whieli  is  mounted  a  lever  system.  To  one  end  of  this  lever  sxsteni 
a  penelratini;  ball  (A)  is  attached,  while  at  the  other,  weights  are  attached, 
which,  when  apiilied,  cause  motion  of  the  lever  system  and  pi'iietration  of 
the  ball  into  the  metal  (B)  to  be  tested.  .\n  inslrument  (Ci  is  mounted 
on  the  main  le\er  which  measures  automatically  the  actual  penetration 
of  the  steel  ball  to  OOOOl  of  an  inch. 

I"ii;iire  1  shows  the  details  of  the  essential  i)arts  of  the  machine.  The 
test  piece  is  placed  on  the  head(R),  which  is  brouiiht  into  cont.ict  with  the 
penetrating  sphere  b\-  means  of  a  screw  (S).     The  sphere  is  one  centimeter 


1   I'hi-riiiriv!  NfWs.  Vol.  7S.  !!.  16.  1S9S. 

»  M.inatslu-ftL-  filr  Clii-nii...  X'ii-nna.  Vol.  \1.  IK'll.  p.  642. 

>  Aiinal™  •li-  ChiMnii-  i-t  .ly  I'liysi.iue.  (SI.  W.l.  6.  I'm5.  p.  508. 

'  Herg  und  hiittcninaiimisclie  ZeitutiK.  \'nl  .l*>.  IS80.  p.  87. 


in  (liiiiiuur.  A  >iiiall  iiiiii.il  pnssiirc  is  applii'd  to  llu'  piston  (p).  Thu 
/(TO  nailing  is  tlu'ii  takiii.  Tlii'  di'sircd  (irrssiirc  is  then  appiiid  and  ru- 
Ifasi'd  to  till'  point  of  initial  pitssiin-  ln'forc  tiic  tinal  ri'adiiiK.is  taken.  These 
rt'adings  are  niadelto  OOdOl  of  an  incii.  The  <litTer>.  nee  between  the 
initial  and  final  readings  ir.  e(|nal  to  the  depth  of  indentation  of  the  sphere. 


lii,'.  I.      Dcl.iil  (if  liriiull  li.inlncs^  lolinn  PMcliinr. 

Discussion  of  Brinell  Method  of  Hardness  Measurement. 

Alter  till'  Brinill  method  was  introdiu  •  '  it  was  shown  by  Henedieks,' 
Le  (haielier-,  Leon*.  Malnistroni.'  Me\ii-  and  others,  that  the  Firinell 
hardness  luinieral  is  di'[)endeiu  iiixin  the  size  of  the  sphere  used  to  make 
the  indintati(jn,  and  upon  the  pressure  to  which  it  is  stii)jected.  Con- 
se<|uentl\-  these  must  In-  speeified  with  each  measuremi'nt. 

All  hardness  miasuremeiits  of  the  metal  cobalt,  made  by  us.  ha\e  been 
computed  1)\'  the  Brinell  s\stem,  and  liaxe  been  made  with  a  sphere  of  one 
centimeter  diameter,  and  with  a  loatl  of  .^.SOO  pounds,  unless  stated  other- 
wise. 

\\\'  ha\i'  measured  tlu'  Brinell  hardness  of  a  series  of  common  sub- 
stances under  the  identical  conditions  that  we  ha\e  used  for  cobalt, 
and  a  table  ol  these  \alui's  is  i;i\in  below  for  comparison.  In  eacli  instance 
the  \alue  is  the  nuan  ot  a  number  ot  obser\.itions,  and  the\  are  ri'pro- 
ducilile.  on  the  same  sample,  to  within  a  few  jht  cent.  I  )ilTereiU  samples 
of  most  of  this  ntalerial  iii\c  \alues  differinii  consider.ibly  anions  them- 
selves.     Ihis  table  i.-;  yixen  merel\-  to  serxc  as  a  rouijh  basis  of  comparison. 

.irl.oii.-.      l|]-ul.»,  1')(I4. 

■din^s.  IiittTii.'itioniil  Associatiuti  lur 


J  Rechcrches  l'hy?iques  ?ur  I'm  u.iir  a 

•  Rcv.ic  tic  Mri;il!::rK!c,  Vttiti.  N,:.  j. 
^  Die  Hriilt-llsilii-  H:int'i)r'jbf  iiii.l  ihit-  piukt 

I  St.ilil  uiKl  HiscM.  ImiT,  Ni>.  Ml. 

*  LntiT-u<  hun(;i  n  ui)**r  Hurt'-pnitiniii  uni!  H.iru'.  Zl-k-^  lirirt  dc<  \'.itMii>  !><  iil^che^  lD«enieure.  l'>» 


clit:  V'l'rwfiKiiiim. 


I'rci 


Reference  Table  of  Bhnell  Hardness. 


M;it.Ti;il. 


CoppiT.  rnllfil  ?ln-i-t.  iin;\nnr;ilc(l,. 
('ai.i.fr,  r<>lli-<i  -^iH-ft.  nn;uinc;il>'l. 
Copper,  rnlli'd  slit'ct.  uiiiiinn.ilni. 
(opiii-r,  rtilli'd  <hi'*t.  uiutniitalrtl, 
Swfcii>li  iron,  . 

Sui'(li-;li  irnn 

Sw'viisli  iron 

W'rdUuiit  iritM , 

WriiiiLiiit  in  III 

Wnnmhr  ircui 

I'-.i-n  ir<in. 

*  asi  irmi  

(  ,i>l  iron    , 

MiM  sf-I,  ... 

\liM  .-^i.-.I,     inl.t  :,,:t,-.l  ^ii.itiiiii; 

Tnu!  st.-.-I 

Tun!  ^ivv\  'Trr.  .lu' ,  --  - 

Spr'ne  sh-t-l ,  - . . 

Spriiu  stfr! 

Tool  -itci-I.  >c!t-li;irt!.  iiMii; 

'Vvo\  stwl,  srli-iuinltMiiiii;.  "■Ki-\"  (tutnn-  li.u'l 

Tool  «U't'l.  'irM'-barilfiiJiii;.  "Ui\".   i.ttt.r  Iku-I 

Tool    <u-i-\.    -ilt-Ii.inli-nini:.   from   work:*hop    i 

.f  Mminv 


Dati-. 

..,„i„. 

liriiiill  liar.liR-3S, 

Uiii 

I'Ml 

IIHKI  Mir, 

f,=  r. 

1,111. 

I'll  1 

IIHKI  lli^. 

(,;   I 

I.iu. 

I'll! 

filKI  III:., 

74  n 

,1.111, 

I'llt 

.t.^lMt  IliS. 

SI  ,1) 

,1.111, 

l')H 

^Sl»)  His. 

'«)•; 

,l.m. 

||)I4 

IINNI  11)4. 

(,S6 

,Uin, 

I'll  I 

.('IHI  11)4, 

7.T  ■  J 

l.in. 

I'lH 

.<.4(KI   ll)S. 

')»-0 

Ian. 

I<II4 

IIMKI  1)14. 

SM 

I.in, 

t')14 

t.=  IKI    11)4. 

llHl   _• 

l.iii. 

I'lH 

iMKI    11,4. 

1),    s 

1:111. 

1'114 

ll.lKI  IIh. 

S4   4 

.1,111 

l')14 

<4|«l    !ll4. 

III4    4 

.1,111. 

I'lH 

i.4lKI     !l.4. 

ion  ') 

Ian, 

I<<t4 

t.4CKl  III.. 

li<,   l 

Ian 

I'll  ( 

.(Mm  11)4, 

1   4  t     ,S 

Ian 

I'iI4 

(4ll<l    Ill4, 

HI)    1 

I, 111 

I'lH 

iMHt  11)4, 

1(>I)   ( 

1,111 

l'il4 

,<4|«l    11)4, 

17X  (1 

.Ian 

l')H 

,V4(K)  Ib4, 

l.sn  n 

Ian 

I')I4 

,1.^110    ll)ii. 

in,'  1 

.Ian 

l')14 

.fMIO  lbs. 

JIM   II 

Jan 

11)14 

.!.4lK)  11,4, 

.'.V)   II 

Cobalt  for  BrineU  Hardness  Measurements. 

The  hanliU'4-s  (if  CDlialt.  likt'  lluil  <if  ni()>t  otlu-r  metals,  is  di'ttTiniiierl 
to  a  urcMttr  ixunt  li>-  it?,  plnsical  and  iiu'cliaiiiial  tivalnioiit  than  liy 
slight  xarialions  in  its  ihoniical  coinpusiliuii,  if  wx-cxccpl  pi-rhaps  the  pres- 
oncf  (if  carlion.  ll\t'n  mir  "cnninicrcial  cdlialt"  contains  hut  small  pcr- 
centagcs  of  total  imi)iiritifs.  of  wiiich  the  greater  jiarl  •  .  iron  and  niekel, 
and  which  in  the  small  anioimls  |)resenl  would  not  greaoy  effect  the  hard- 
ness. In  till'  samples  under  "commercial  cohall"  thi'  percentage  of  carbon 
is  given  throughout,  and  the  iierceiitage  of  other  impurities  is  between  the 
following    limits: 


s 

OOIO 

0-()70 

Ca 

trace 

noi.s 

Si 

trace 

()-2() 

Fe 

OK) 

lO 

Ni 

trace 

D-.Slt 

C 

(lit) 

()-6() 

The  tm.il  impurities  in  any  one  sample  of  this  "commercial  cobalt" 
rareh-  exceeded   15  per  cent. 

Brineil  Hardness  Measurement. 

A  single  measuremint  of  the  Urinell  hardness  is  gi\eii  in  full  to  show 
the  concortlance  of  olisirvations  .unoiig  tlu'nisehes,  and  tlu'  details  of 
computation.  This  max  be  taki-n  as  typical  of  the  large  numbiT  of  measure- 
ments which  were  madi'. 


Samjile  H   19.i,  Dec.  9,  1913.  Load  -vSOO  lb 
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Initial  Kraihnr 


0  II I  It 

(lout 
niHtv) 

IMHJl 


Ki'ailiiiu  iiti'liT  \n.ii\. 


O  II4S1I 

CI  IIIHII 

II  II4(>S 

II  IIUiK 


AviTai;!'  indi'iitatioti 


ition  in  itirlifs. 

(1  nu- 

ll 111  i: 

(1  lll^li 

II  III  17 

II  nil')  inch.s  - 

II  ,<;')     ni:lliiii.- 

(TV. 

HrinctI  Hiinlnos  I)\  (U-riiiiiidip 


I' 


\n\n\  }ni>>iirf  ill  kil<)Krani> 

ari'a  ol  dfprt'ssioii  in  M]Uiiri'  niillinu'li'r> 


2  TT  rh 

I>  =  loa<l  in  kil(»i;ranis 
r  =  radius  of  ind'-nliiii^  ball  in  niillinuliT 
)i   =  diptli  of  drpri'Sr^inn  in  niillinu'H'r>. 
S5(»()  ^  .  1 


=  KS.^4 


Thm-fon-,  IMI.  =V,^  >^2   X    TT   X   5   X   i)'M<) 
Meas.Tement  of   Brinell  Hardness  of  **Commercial   (Cobalt." 

Loa<l  .^500  lh^.,  unk'>s  >latt'd  to  the  contrar\-. 


Sn  nil  ill- 
minilMT 


H  \m 


IJatc.  Hr;il  aii'l  iiit'<hani<. ul 

irtiiiiiuMU. 


Dr.-.  ''.      C  ast  from  jiiat  alKJvc  im-Uinu 

I'JI.V         jioint,  allowe*!  to  cool  in  iron 

luouki,  and  turuccl  in  latlu'. 

Ian.  U.     ("ant  from  just  ahove  moltin« 

1')14.  point,  allowed  to  cool  In  iron 

mould,  and  turned  in  lailu-. 

Drr.  n.    <-a<l  from  just  above  nieltinn 

I'M  *.  point,  allowed  t<>  rtjol  in  iron 

mould,  and  turned  in  lathe. 


Ui-i  .  21.    (ast   from   just  above  meltinK       ('     0-Oft*  111' 

1>M  r  ln>int.  allowed  to  cool  in  iron       S     {)021 

Mxuild.  and  turned  in  lathe.       I*    0(117 


Carb'Mi, 
vulphiir  ami 

Hrin.-ll 

l.!»>splh»rii^ 

harilm-is 

coiitrm. 

(■    ll-Ofi» 
S     0  1122 
P     0017 

1114 

(■     n  Ofi2 
S     0  022 
P    0017 

IIHI   ') 

C    0 ■ 062 
S    0  022 
P    0017 

1(14   4 

Sept.  1>,    Cast  from  just  above  meltinvz 

I'M  I.  i")int.  allowed  to  «  (m)1  in  iron 

mould,  and  turned  in  lathe. 


11  UK)    jS'pt.  IS.    I  a  "it  from  just  al><)Ve  mi-Uini;      C    <i  (16.! 

1<>I4.         itoint.  allowed  tc)  icMjl  in  iron      S    on_*i 

j  mould,  and  turned  in  lathe.       I'    n(H7 


!l  211       Ian.  14.     t'a-^t  from  just  above  meltint;      C    i)}H  1-»K  _» 

r>!4.  iMjint.  allowe<l  to  r(H)l  in  iron      t^     0  nsd 

mould,  and  turned  in  laihe.       I*    0  (t.U 


(      0   IH  1,«)  7 

S     OOKO 


H  S7c      Jan.  id,     Cast   from  just   above  melting      (      (»!.'< 
1^14.  iMjinl.  allowi'd  to  cool  in  iron      S     (t  (liJ 

I  mould,  and  turned  in  lathe.       V    0  ()I2 


H  2l4t    S-pt.  15.    (  ast  from  just    above  meltin«  C  i)  (K»7           \M}*> 

I0I4.          [Hiint.  allowed  to  cool  in  irt>n  S  OOIJ 

mould   and    turned  in   iathi-.  I'  (I  (MO 
and  annealed  from  KMH)". 

1!  214i-   S.'i.i.  15.    t'a.-;!  from  ji:>t    above  inehin;;  <"  Of>fi7           15S-fj 

l'M4.          point.  allowe<l  m  cool  in  iron  S  o  012 

mould   an<l    turned  in   lathe.  I'  (l(HO 
and  annealed  from  i<Sii  . 


mil,  rophuluyraph,        Plate 


mirrophntowraph. 


S-e     miiropluttojiraph.        I'late 
Xll. 


Mc-tal  soft.  tou«h  an<l  turns 
with  medium  Inni:  ruriini; 
ciiip.  S-e  micrnphi)toi;raph, 
IMate  Xll. 

M'-tai  soft,  .ou^h  and  turns 
with  medium  lon^  curling 
iliip.  N-e  Tnicr<)photoBrapli, 
Plate  MI. 

Metal  soft  and  medium  touKh. 
Machines  with  medium  lonK 
curlinw  chip.  S-e  micro- 
photoyraph.  Plate  Kill. 

Metal  soft  and  inedimn  touKh. 
Machines  with  medium  Innn 
curlins  chip.  See  micro- 
photoKtaph,  Plate  XIII. 

Metal  me(lium  hard  and  tou^li. 
Machines   with   curlinu  chip. 
;     See    micropl  )to«rapii,     Plate 
;     \I. 

See  nHcroplir)tr)nraph,  IMate 
IX. 


micrnphtJtoaraph.       Plate 
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S.iiui)!.' 
iiuiuIht. 


0:ite. 


M«'.it  >Lii<l  nii->  h.tM!<  .il 
triMtim-iit. 


( 


II  .'14.     Si-i'l.    1^.    Cii-it  fiMiii    iii-t   ;it.f)Vi-   im-ldn-; 
I')14.  imim,  .illiiwi'ii  ionMil  iiiirii:i 

iiioiil.l  aii'l    tiiriH-'l    m    Lull.-, 
ilii.itint'alt-'l 

II  >*7  .1     [).■.■.  _' '.     Cast    fniiii    iti-t   .ilmv.-  iiitll:im 
.illil  V  I''l.l.  IMiint.  ulloUfil  tn  ninl  in  ir-iii 

tiiniiM.  .mkI  tiinu-l  til  lathe. 

H  S7  .1     -,-i)t.'l=i.    (  a-^t    tr.mi    Mi,-t   aLiivr  m.-luiiii 

ami  f  piU.  I'liint.  .illnwr<l  tu  niol  iii  irmi 

iniMiM.  ami  tiinif.l  in  latli.- 

II   Mil       I)<t  .   11.    Cii-t    liniii    iitst    abov.-  ir.ltinu 

l<M.i.  ixiim    alliAM'il  tu  cnul  in  ir.iii 

nuiiiUI.  and  lurncil  in  lath.'. 

H  Mn      Sjit.  15.    ra!»t  from  just  almvc  nu-Itinu 

1<)1  I.  point,  nllowt'd  to  coo!  in  in.Ti 

iiioitld.  aii'l  tiirtK-<I  in  latl'f. 

II  \Ml      Jan.  It.     Ca-^t    iToin    iii~t   nUoVf  ni.ltini; 

1M14.  poinl.  allowfii  to  riMil  in  iron 

itioiitcl,  an<l  ttirnt-tl  in  latin-. 

H  S7  r|     I'flt.  I.      Cast  from  just  alM>vi'  mcltinu 

antl  II         I'M*.  point,  alh.wt'd  to  ivml  in  iron 

mould,  aiut  turtu-fl  in  latlit-. 

II  **7  I>     lit..  1.      (  a<t  from  just   abovi-  melting; 

and  (1         I'T*.  point,  allowed  to  ( ool  in  iron 

mould,  and  turned  ni  lathe. 


arhun 
.hilt   .in-\ 

t-phofu- 
-ntent. 


0  ni_» 
I)  nin 


(I    !_' 
(I  (Ml) 

llutH' 

n  _» ' 

0  (Ml) 

Ilnn'- 

H    ilM 

(I  n,>i 
tl  (lis 

O  {(M 
(I  (1^4 
0   It1> 

(I  (d-. 
It  o^t 
(t  (MS 

(I    U) 


(l,17 
O    ()C^ 


lUMlell 

li.mhie.-. 


1  l^  M.I  d     ^lit.rt     iitained,     l.rtlh- 

,md    Itirn-  w  ith   -Imrt   ehi;.. 


t  Ifi  f.  \lel,d  ->ty  .uid  Piui:!i.    Ma^  Iiiiiit. 

with        .  uthni:       »  lup.         N-.- 
[liirr..I'i'"l"^taph,     IM.,t--  \*I1. 

1I_'         \  .rv    tf.iii;h  to  turn  in  l.ithe. 


1 17         \'erv   toiijli   to  trim   in   lathe. 


Measurement  of  Brinell  Hardness  of  Pure  Cobalt. 

Load  3500  lbs.,  unless  stated  to  the  contrar\-. 


Saniplf       Hate,  Heat    and    rueehanie.  I    treat-  Analysis, 

niimber.  uieni. 

H    V>^     \r>v,  15.   t  ast  from   iusi  ahove  mtliiny      CoW   Ml 


point,  allowed  to  eool  in  iron 
mould,  and  turned  in  lath< 


II 

I'H 

U.v.   1), 
I'll! 

II 

I'll 

>:..v.  15 

H 

-MJ 

l.ui.  ". 
'  l')14 

Ian.  14, 
I'M  4 


Ni  none 
I-.-  (IS(I 
S     ()  (»2(> 
<      none 
(.'a  trace 

i^ame 


Sam«* 


\i  n<jne 


S     (t  (H7 
t'    none 


iirinell 
hardtn'ss. 


Load  2..5(t<)U.-,  M.ial  ^.ti  and 
hrittlc.  M.tilntie<  with  -^liort 
chip. 


1.1,C4 
I,U    2 

10=;  .5 


la.ad    :.5()(>  !h-. 


Metiil  soft  ami  britth-.  M.i 
with  short  clii]..  See  i 
photoi-raph.  Plate  1\'. 


H   2i2      .Ian.  14.   Cast  from  just  almvc  ineltiiiH      Co  •''»■'* 

I'M 4  iM>int.  allowed  to  c<k)1  in  iron       Xi  nope 

mould,  turned  in  lathe,  and       F'- 0    »0 

annealed  from  7(H»"  C.  S    0  (H  7 

C    none 


H   -M*       Ian.  14. 
1»M4 


H   217     Sept.  IS.   Annealed  two  hours  at  WK)^  C.. 
l'M4  allowed  to  eool    slowly,   md 

a>;aiii  Mia<..hin<'d. 

H   217     Sept.  15.   Cast  from  just  alM)ve  meltinu 
1**14  pi)int.  allowed  to  c.H>i  in  iron 

mould,  and  machined 


Co  W-7.* 
Ni  none 
Fe  (I   14 
S     0  (U'J 
C     none 

Co  <*')   .t5 


Knad    2, 5(H)   11., 


121  Metal  >oft  and  hriltle.  Machine 

with  slioiL  Lhip.      S-e    uiii.m 
phoiOKraph.  Flaie  \'. 
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Hardness  of  Cobalt  ns  Observed  by  Other  Investif^ators. 

TlliTi'  is  Mix  lillli'  in  tlic  liuraliirf  on  llir  li.iniru'ss  of  i-oIkiIi.  cxcipi  a 
few  nioro  or  los  (|iialiiai'\f  ol»(i\aiion '.  Ilf>\v(\cr,  a  careful  nicasiirc- 
nu-ilt  serins  to  lia\c  Ixiii  made  1)\-  K.  Reiir  and  K.  Kaneivo'.  from  w  liicli 
llie\'  compute  the  Ikiiiell  l)ardlle»  of  cohall  t  )  he  1  ^J. 

Comparative  Hardness  of  Nickel  and  Cobalt. 

For  comp.iri>oi>  we  iiaxc  me.isurid  tlii'  liardiiess  of  liotli  ca>t  .md  slieet 
nickel  under  the  same  conditions  thai  we  have  used  for  coh.ill,  load  ,V>(H> 
ll)s.,  and  found  ihem  to  i)e  res|)ecti\el\-  SS- 1  atidX5-1  Hriiiell.  the  latter 
for  a  ',  itich  shei't.  An  independetit  check  ti'st  oti  the  hardness  of  cast 
nickel,  ga\i'  as  a  ri'stilt  7()  4. 

f-rom  lhe>e  measurements  it  is  theri'fori'  .ipparent  that  the  h.irdnos  of 
colialt  Is  considiTaliK  greater  than  that  of  eitiur  iron  or  nickel,  under  cor- 
respond'n;j;  conditions. 

Conclusions. 

(1  I.  The  ahosc  tables  show  the  lirini'li  hardness  of  colialt  cast  from  just 
al)o\e  tile  melting  |)oint,  and  allowed  to  cool  in  an  iron  mould,  to  he  in  tlu' 
tieii;hl:ourhoo<l  of  124-1)  doad  ,^.S()(»  Ihs.).  This  is  the  mean  of  nine  oh>er- 
\ation?.  with  an  aNcrajie  de\iatiot)  from  the  tnean,  of  7'>. 

(2).  Till'  hardness  of  cohalt,  cast  from  just  aho\e  its  nultini;  point,  is 
considerahK'  higher  thati  that  of  cast  iron  or  cast  tiickel  under  corresponding 
conditi^tls. 

(~^).  The  el'fect  of  the  addition  of  OOdO  to  ()-,^7  per  cent  of  carlmn  on 
the  hardness  of  "commercial"  cohalt  is  not  stifticient  to  offset  the  effict  of 
slight  variations  in  heat  treatment.  'I"he  measuri'ments  are  not  suthcii'iitly 
coticordatit  to  warrant  drawing  general  cotichisions. 

MKI.TI.NC    IKMI'KK.XTrRK  OF  COM.XI.T. 


.\  considerahle  numher  of  nulting  point  detiTuiinations  of  the  metal 
cohalt  were  made  in  an  .Arsi'm  electric  vacuum  furnace,  iCieneral  Flectric 
("omi)any,  Schenectady,  X.  \'.).  'I'lu'si^  determinations  were  made  hy  the 
usual  cooling  or  melting  curve  mi'thod,  itsing  pure  alimiina  crucii>les,  and 
aUmduni  lined  graphite    irucihles. 

Cohalt  has  a  very  sharj)  mi'lting  point.  dilTering  in  tl)isre>pecl  from  iron, 
which  hecomes  plastic  as  it  approaches  its  melting  point.  With  iron,  the 
actual  temperature  of  melting  is  not  sharplv  deliiud.  there  heing  ;i  consider- 
ahli'  transition  region;  wliere.is  with  coh.ill  (|uiti'  the  reverse  is  triii'.  There- 
fore, the  melting  point  of  cohalt  niav  hi-  ditirmii'ed  with  accuracv  hv  the 
cooling  and  melting  ctirve  nut  hod. 

The  Melting  Furnace. 

The  essential  feature  of  tlu'  furnace  is  the  hi'ating  t'lement,  wnich  is  a 
spiral  of  grajihite.  through  vvhicii  an  appropriate  electric  iiirrenl  is  pas>,ed. 
The  crucihie  is  placi-d  within  the  carhon  spiral,  and  liolh  .ire  situ.ileil  within 
a  vacuum  chainher.  The  iron  casing  forming  the  shell  of  the  lin-nace,  and 
serving  as  the  vacuum  chamher.  i>  in  constatit  coimexion  with  a  suil.ihic 
vacuum  pump.  'I'his  inimi)  was  in  operati<in  during  the  entire  melting  point 
determination. 

Bv   liii>  me.ms  liierc  u.i>  no  o.\idi/.ing  atmosphere  to  shorten  the  life  of 


» l-,iiiiiii.  Vol   111.  p.  -'5;. 

I  hiliiic^il  .\l>-lr.i.t<.  1«H.  p.  .f5'll. 
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till'  carlHdi  >|)iral,  nor  .my  ^as  in  carry  away,  hy  coniliiction,  the  luat  do- 
velopt'd  in  tlic  spir.il.  A  iiirlluriarlioii  railiaiinii -liicld  >urnuiii(lt(l  ilulnal- 
iiiK  s()iral,  so  that  till'  tiiiipcratiirf  ol  ilii-  liiriiatc  ma\-  lir  maintaiiif<l  as  lii^;h 
as  ,?U()0°C'. 

The  nu'lliiiK  point  dLlcrminaiions  wtrc,  iluri'lorc,  made  suhstaniially 
in  vacnnin,  and  frei'  from  nxidi/iiii;  atmo>pluric  conditions. 

Temperature  Measurements. 

Tinipiraturc  ohsorvalions  wire  nuidc  with  a  Wanner  optical  pyro- 
meter, whicli  was  eheckid  liefore  and  alter  eacii  -ct  of  runs  against  an  amyl- 
acitale  lani])  standard,  in  accordant'  witii  a  c.ilihration  cerliticate  from  the 
l'h\>.icaiisch- Teehnisciie  Keichsan>t.ilt,  at  Chaiiottenlniru.  'I'hi-  |)yromeler 
was  also  used  to  measure  the  melliniL,'  iMiints  <pf  copper  .md  nickel  durint; 
the  period  of  its  use  for  the  delermiiialinn^  on  coi),dt,  whiih  measurement> 
ajireed  with  the  cililir.ilion  curve  umiI,  lo  within  a  few  <les;rees.  For  this 
work  the  melting'  point  of  nickel  wa>  ( misidered  to  be  1444°C',  ami  of  copper 
tobe  10J<4°C.  .         .  . 

The  meltiiiK  point  of  nickel,  coii^iderini;  our  calibration  curve  from  the 
Reichsansl.dt   to  In'  cornet    was  determined  >ix  times  as  follows:  - 

Di'xiation   from   the  mean. 

14,<<S°C  6 

14.U°("  7 

144.^°C  1 

1446°C'  2 

1448°("  4 

14,S()°C  6 

1444°(niean  4- .rC  .iveraKe     deviation     of 

single  obst'r\a  t  ion 

from   the  mean. 

The  nickel   used   for  these  melting  jioint    measurements  analysed    as 

follows:- 

(  • 

M  W-2<> 

Fe tt-4S 

S  0()2.^      See  niicrophoiograph, 

si (t042  Plate  Xl\'. 

fa none 

(■ none 

Co none 

Toi.il W-84 

The  cobalt     •     d   for  these  melting  point   deterniin.ilioiis  .malysed   as 

follows: 

r 

Co W-') 

\j none  Sample  No.  212. 

\.\.  ()-2()  See  micr<)i)hotograph, 

S OOIT  I'late   1\'. 

C.; none 

Si .  none 

(' none 

Total loo- 12 
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Melting  and  Freezing  Curves. 

A  conlinK  curve  w.is  (thiainitl  l>\    re^til.ilinn  llic  nirnnt   ihroiiKli  tlu' 
Itirii.KV,  M    iliat    tlif  cliarKf  w.i>  liroiiyiil   li>  a  U'liiiMratiiri'  alxiiii    'HI'" 
alioxr  ils  millinv;   lfm|HTaliiri',  ami   lluii  lowcriiii;   llic  ciirri'iil    to  sii. 
pndcicrmiiu'il  nianniiii(K',  that  Kr.i<liial  cooliiiK  look  place  lo  alMuil   1(10° 
lielow  llie  nulling  teinperaliire.     During  the  coolini;,  li'inperalure  readiiiK^ 
were  m.ule  at   lit,  15,  or  20  m'coikI  inler\al>. 

It  !>  oliviou-  lliai  a  siil>>laiice,  if  allowed  lo  cool  more  or  le>>  uniforniK' 
from  alio\e  il>  iniltin^;  point,  uiiiler  fixed  external  conditions,  will  ci'ase  lo 
drop  imiformly  in  tempiratiirt  when  the  melting  point  is  reached,  dlii>  to 
tlu'  latent  he.it  of  fiiMon  which  is  deseloped  within  the  substance  iiiion 
solidifxin^;.  If  we  plot  tinii'  a>  .d)M-iss.ie,  and  liie  lemper.itnre  of  the  coolint; 
mass  as  onlinates,  in  ^ener.il  we  ma\  ni'  <'iic  or  the  other  of  three  t\pt> 
of  curw,  corresponding  with  the  th'ee  follow  ini;  t\pical  kinds  of  tran>- 
formalion : 

(a  I  The  siihst.ince  remains  at  a  constant  temiu'ratiiri'  ihroii^hoiit 
till'  transformation  of  melting  or  free/iii^'. 

(1))  The  >iili>tanci'  cools  at  a  reduct'd  rate,  more  or  less  const, ml  diirinii 
the  transformation  of  melting  or  free/in^. 

(c)  The  sulistance  under^;oos  an  increase  in  temperature  duriiii;  the 
lir>t  p.irt  of  the  transformalion. 

Methods  of  computinj;  the  true,  correited,  melting  temperature  from 
each  of  the  al)o\e  forms  of  iiir\e,  iia\e  lii^en  set  forth  in  the  literature  by 
sevenil  authors  discussing  thermal  an.ihses. 
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Tim9  in  minutta 

Fin.  -■     (iMiliiiK  ciirvi'^meltinj";  point — cobalt. 

The  first  of  the  three  cases  i'ldicatod  is  by  far  the  simplest,  and  may  be 
used  with  accuracy  for  colialt.  Two  sets  of  data,  with  the  corresponding 
plot  or  iiK)liiiK  curves,  taken  from  some  lilleeii  of  them,  and  which  are 
t\pical  of  them  all,  arc  given  below,  to  show  how  nearly  to  case  (a)  our 
melting  and  freezing  curves  correspond. 
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Meltinit  Point  Determination    Cnbult. 


J.inii.rv    I').    t'lH. 
Time  rlaiiM'f!  in  iiuiuUf*  "iiu 
'wviiiiiiny    C't    tiiii 

KiMi    I  l> 


1'. 


Kilti    II 


-    4 
.11,- 


4 
*', 


k 
!•: 

k 
•I'l 

4 

4'i 
41  . 


Kt*adilii;St'\i-'rN  1.^  ^fniml-. 


T.iir 


~- 

t 

;ri 

K 

75 

0 

74 

(• 

',  * 

X 

7  1 

1) 

:\ 

fi 

;_• 

J 

.1 

K 

711 

O 

7H 

'1 

77 

4 

_» 

H 
<> 

ft 

M 

0 

0 

0 

y 

7) 

(i 

ism; 

I5KII 
U6» 
ISJJ 
U.t.J 
IMM 
1 4  70 
I4M) 
I4.V« 
I4h.4 
I4(>4 
1455 
14  <K 
I4i5 
14)5 
14IH 
I.I<J5 
t.fXS 
IJ55 

IMi; 

U4<l 
15.4(1 
1512 
I5IIII 

1470 
t4«<l 
1462 
t4A(l 
I4M) 
1455 
145.4 
142.5 
UVJ 
1M4 
1.14.1 
1.41J 


Witlioiil  tii\iiis;  the  lU-tails,  fxci'iii  tor  tlulwd  rimsal'nw,  the  lollowini; 
is  a  tahlf  of  llir  iiidtinj;  point  (Irtcrniiiiatioiis  of  (obalt  analysinij;  W''  pt-r 
cent  pure,  as  siiown  oii  patje  1.^.  It  was  s;inipk'  No.  212.  Sir  Mi'To- 
photograi'li,  F'lati"  IV. 

Summary  of  Results  of  Meltinft  Point  Determinations, 


Date 

uf  run 

I).' 

tTniilH''! 

[ncltinii  pnilU  nt  (  ( 

.halt.  DuvialiiMi  1) 

-iinclr  uh^cTVa 

on  from  til 

Sept. 

27. 

I')I2 

1474  I 

' 

S-pt. 

.to] 

l'll_> 

1472 

5 
5 
.4 

S»'|>t 
(Vt. 

.10. 
1. 

I'MJ 
I'M  2 

1472 
147(1 

<Kt. 

I. 

.■112 

1472 

5 
0 

Jan 

I.l. 

l'M4 

14(.7 

Jan. 

1.1. 

l')14 

1467 

0 

7 

Jan. 

14 

1M14 

* 

UWI 

Jan. 

I.s 

|i)U 

I4.V1 

14 

Jan. 

1.^ 

l'M4 

146.1 

1 

Jan. 

1> 

I'll! 

146X 

1 

Jan. 

IV 

\')U 

1462 

5 

Jan. 

l'( 

l')U 

1460 

7 

Jan. 

I'l 

I'lH 

1 

1470 

.1 

Jan. 

VI 

l'<14 

! 

1462 

5 
.4 

Jan. 

V) 

1M14 

1470 

i 

M 

■an  1467=C 

M.-an  4   4 

(■ 

ThtTffori-,  from  these  observations  the  nieltins  point  of  pure  cobalt 
would  appear  to  be  1.467°C  -    1  -TC.      Xole,  however,  conclusions  below. 
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The  Meltinft  Point  of  Cobalt  sis  Detvrmined  by  othvr  InveHtiftatoro. 

lilt   l<'ll.,\\iiiv;  v.iliM^i.l  ill!    n.illin^;  iioiiil  i.l  ((.l.ili  .ire  l.ikiii  trom  the 
lilir.iliii"-: 


Inviitiu.ilc.r.  M.'ltinii 

I.  iii|«-i.iturr 


I'urllv 

per  itMU. 


M.'tli.Ml  „( 

nu-.ixiirrtmiit. 


Ilurui  ts      .111,1 

U.lll.  iilui.' 


Iliir^.s-      :m.l 

Wjlti-nli.tu 


II.   (  „|..,ij. 


<'.ut  ttl.r  .111.1 

I  .1111111. ti 


'Uiiiiii.ii: 


(tlUTtliT  .lll't 
T. 1 


<>||   1'  .,  .mil 
ratiiiii.iti 


R.  RiKT  iin.l 


ii;;  ( 

H>  1 

tti.t  < 

l.«lci 

15JK 

llliS 

1^115 
1455 

I4<(! 


'''"''*  Mi.tni'irniiiii.r      HiiMi  tin.  Iliii,..iu  .Pi  M.mil.ir.U,  \',.l    '». 

I'li.   t.V      \.,1.   111.  |.|i.  I  1.  I'll  i 

'"'  "*           '  ri!.  ,1.1.     iii.ll.   i|,  Hull,  till.   llur.Mu  ..I  M.iii.l.ii.l^    \,,l    'i. 
■I.'  I".   I ■>■.        .1'.   irv      \.,l.  In.  ,,|,    I  I.   l.||  ( 

\.n   fiiiri-       \li,  i..|.\. .111.1. -1       Hull, '1111,  Hiiri,iiii  ..I  M.nil.iil-   \..l    1 
|,|...t*(l. 
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l.45J°('  .1-  ilif  iiiiiiiiii;  iiiiiiM  r.iiiin'  n\  nit  ki  I  ll  «<•  .iiln|>t  tlii->  \,iliic  in- 
«.lf,iil  111  l,i4rC  i-tc  p.iuf  1^1  'iiir  v.iliii'  iiir  llif  iiu'llinu  l(iii|Hr,il  iin-  nf 
colialt  W'liilil  U'  pr.ii  lie  ally  idiniir.il  with  ilnir-.  ii.iiiiiK.  I, ITS  • 
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1  -I'C '.      Tiii-  i-  Inr  inii.il  '><»•')  per  i  nil  piiii\  .mil  i>  ilu-  mm  .iii  nl  -iMriii 
ilflcrniin.iiinii^  iiv   liu-  iimlin^;  .imi  hf.iiiiii  iiir\r  mriJKMl. 

Tlli'  \.iliir  111  the  inilliim  tflllpiT.ii  lire  i>  Infill  iipmi  pxn.iiicltr 
(•.ililiralimi  iiir\i-..  i  im-iilirinn  ll>c  \aliii'  i>l  llir  mrllin'^  li  inpt  i.il  iin  i,\ 
iiickil  111  lif  1.U4  C   ll  we  .iiliipi  ilifiiiiirr  |iii>iia!ili- \  1.15.'  Clm   ilif 
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u  1,478  c    1  rc. 

riAsii.i.  siKi.\(.rii  Ml  .xsrui.MKMs. 

Tensile  Strength  Testlnft  Machine. 

'I'hr  lcn>ilf  -.iiiiiKiii  lot'  «'!■•■  inailr  mi  .i  Kiclili-  I  iii\rr«al  Si.iinlaril 
Wriiial  Sinw  I'nwir  Toliiiu  Mai'aai'.  (Kiillli-  ri-liiii;  Mai iiiiir  (  n., 
IMiiladilplii.i.  I'a.).  nl  KlO.dOO  lli>.  capariu,  iiprraltil  li\  ilini  I  i  nimiAinil 
to  an  fliTlric  rniitnr.  I'lii^  marliiiir  i-  in  llif  li-liiiK  lal.iiiMlnrx  nl  tlic  I  )i'- 
partimiu  of  Ci^il  laiKiiuiTini;,  Silioul  ol  Miiiini;.  Oiurn-  riiivir>ny, 
Kiiiusloii,  Oiit.irio.  'liu'  wriitr^  wi-li  to  rxpros  tluir  ili.mk^  to  l'nili-.M)r 
.\.  Marpiiail,  in  ciiarjii'  ol  that  ilcpariiiuiii,  tor  many  valii.ililr  r-iiuu*-'"""^ 
ill  coiinixioii  willi  tin-  um'  of  tlii>  m.ii  iiiiic. 

Test  Bars. 

All  liar>  for  tensile  striiintli  iiR.wuri-mini-  have  Ikiii  "  rroportioiial 
Bars,"  as  rirommcndiil  anil  adopleil  liy  the  Inti-rnaiional  Ass-.K-iaiioii  lor 
'IVstinn  Manri.ils.     i'ij;.  4  shows  the  sliape  and  dimension^  of  ihese  liars. 


%t^  - 


-~-^;-   % 


I'Ik.  4.       Tciisilr  -ircimlli  pr.ip.pi  i  i.m.il  hai. 

Method  of  Measurement. 


Plate  II  is  a  picture  of  the  testing  ma  I'ine  u.sed  for  the  nieasiirements. 
It  was  operated  in  the  stand.ird  manner,  with  a  ehart  in  place,  as  shown 
at  A,  to  get  an  aulo,nra])hic  stress-strain  tliagram  for  each  specimen. 

The  form  of  these  tensile  stress-strain  diagrams  obtained  on  all  of  our 
s;»mples  is  shown  in  Kig.  5.  The  point  Y,  however,  is  often  less  marked 
than  in  the  figure  sliown,  and  P  and  Y  are  usually  very  close  together. 
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Tensile  Strength  of  Cobalt  Wires. 


I'er- 

t  eiU.ti:e 

el.,n.:a- 

tion 

in  2      ; 
inches. 


I-'raiturc  eiiarsc 
grained  with  ra- 
dially crystal- 
line strnciuir. 
Metal   iiofL  and 

I  ir  it  tie. 
Machine;!    with 
>liort  chip. 


■0      l-ractiire       uood. 

.   tine         urained. 

,  Set'  init  rophoio- 

tirai.h,  IMate  \-. 


\  rai  ture  i  nai-;e 
iiraincd.  *  t\  -ital- 
line. 


Fr;i 


I'airly 
tine  -structure. 
See  iniiroi)lioto- 
urapli,  Plate  IV. 


1-  I  act  u  r  tine 
u  rained  and 
innlortn. 


1  (1  1-  rat  t  u  r  e  tine 
l:  t  a  i  n  ed  and 
unitL>rin. 


Healan-I  iiieeliauii  ;d 
ire.iluienl. 


Analysis. 


Tensile 

hreakiim      Viel.I  IN-r- 

lo.id  in      poim  in  centaue 

pounds      iKuinds  n-duc- 
1"T  lion 


Ian,  29. 
I'»t4 


i-eh.  II. 
I"M4. 


This  sample  swajitd  (  <»  *>*>7.i 
'lown  to  tine  wire  \i  noiu- 
allet  special  li(-at  and  l-e  (I  U 
mechanical  1 1  eat  luenl.    s       (inio 

which       is       riescriberl      1  none 

under      "SwuLiim;     oi 
Cohalt    into    Wties,"- 
IP-    2'J.  M). 
Tln>    ftumple       swayed     (oo«).7.* 
down      [o     tine     wire     \i     none 
alter  special  li«-at  and     I-e     OHU 
niei  hamc.d  treat  men t,     S       IMH") 
which      is     descrihed    C      none 
umler     ■  Sway  i  UK     i>t 
(  ohalt     into    Wires," 
pp.    20.  Ml 
Uii.-^      .^aiiii.Ie      .>U.iKed      (■*>  'J'J    ;,i 

down     to     fine     wire    \i     none 
altet  special  heat  aiwl     l-e     0  (114 
me<  hanical  treat  men',     S       (I  OI*) 
uhicli      i>      des.  rd>e<l     (■       none 
iMxIei        ■S\\ai;iiii;      o(* 
(  uhalt     Mitu    \\n<-<- 
pp.    2'>    M> 


per 
stpiare 
inch. 

lOlXiH) 


s(|iiare 
inch. 


in  area, 


reiua«e 
elonga- 
tion 
in   2 
inches. 

KeiiKirks. 

S-2 

1) 

ameter  ot   \ 
il    117    inch 

0    124    inches. 


I 

Diameter  of  wire 
IJ.076   inches. 
Kine  n  r  a  .  n  e  d 
frac*ure. 


23 

Tlu-  litiraluri'  on  llic  toii>ili'  >trcn«th  of  colialt  is  very  iiu-aj,'ri'.  .ililiouj;li 
Cop.i'ix'  iiivfs  tlu'  follow !nK  valili'^  for  colmll  .md  iiirkfl:  rot  all  ()').()()() 
Ills,  (rt-r  siiuart'  ituli;    iiickil  58.00(1  ll)s.  per  M|uarc  inch. 

\\V  nu'asiind  liu'  h  nsilc  strcnmh  of  pure  iron  and  pun-  nickii  at  tliis 

laboratory,  under  conditions  similar  to  those  for  our  colialt  tensile  >tren,ulh 

nieasuretneiils.      The  iron  used  for  these  niea>iiremenls  anaKscd: 

( 

Fe '>')■'> 

S  0'02,< 

'|> 0()04 

(• ....  0-010 

Mn'''' <»<>^l 

Cu •'■<>■« 

Si trace. 

_\'j tione. 

C, ttone. 

The  nickel  used  for  the  teiisik'  >tren^;li)  te>t~  an.iKsed:   - 

(  • 

\i  W-2') 

i-V 0-4X 

S  0()2.S 

Si  ■.■.'.' <»-<»42 

("a none. 

(' none. 

A  lart;e  serie-  of  measuretnents  on  nickel  .md  iron  would  lie  re(|nired 
to  fix  the  \alue  of  the  tensile  strenj;th  with  any  dethiitene-s;  our  nieasure- 
nients  show  it  to  he  appro.\iir,atel\  as  follows: 

Cast  nickel,  ten>ile  iireakini;  hi.id  hS.OOOlbs.  jut  xpiare  iiuh. 

Cast  iron,  tensile  lireakiiii;  load  2.?,000  li)s.  jht  s(iu,  re  inch. 

The  rate  of  cooling  of  cast  metals  from  the  thiid  to  the  >olid  sl.ite  . 
such  an  important  factor  in  delc-ininini;  the  mechanical  jiroptrties  ol  the 
metal,  that  it  is  just  as  necessary  to  know  the  dimensions  of  the  te>t  li.irs 
as  it  is  to  know  the  chemical  coinpo>ition.  The  above  v.ilueslor  iron, 
nickel  and  cobalt,  all  of  which  ha\  e  been  m.ide  under  ixactK  the  same 
conditifms,  with  a  test  bar  as  shown  in  I'ii;-  4.  are  strictly  comiiarable, 
althoiiKh  the\-  should  not  be  compared  witit  \alues  obtained  by  other 
oliser\ers  on  bars  of  ditferent   si/is. 

Conclusions. 

I'ure  Cobalt. 

I.  The  tensile  stieni;th  of  pure  cobalt,  ca>t  and  im.imu-.iled.  is  in  the 
nei^;hbourhood  of  .U, 400  lbs,  per  scjuare  inch.  This  is  the  aMiMKe  of  ten 
measurements  on  cobalt  cast  from  just  abo\  e  its  nieltin^f  |)oint.  allowed  to 
C(M)1  in  iron  mould,  atid  machined  in  lathe  to  te>t  bars. 

II.  The  effect  on  the  tensile  strenijth  of  annealini;  cast  cobalt,  is 
to  increase  its  value  slightK  ,  although  this  effect  is  not  marked.  The  aver- 
age value  of  our  deterininalions  was  M^.Wi)  lbs.  i)er  square  inch  lor  the 
annealed  samples,  as  compared  with  ,U,400  lbs.  per  s(|uare  inch  tor  the 
unannealed  samples. 


.\iiim1im  .1.  t  lu-iui.il  ill-  I'liysi.iu.'.  (.tl.  Viil.6.  I'MIS.  p. 


III.  'I'lic  iMTcciK.i.uc  1  .iicliini  ill  area  and  tloimalioii  arr  -mall  l(ir 
cast  i)liri'  ruliall,  as  would  lie  cNiMrli'd   lor  ilu'  pure  iiiil.il. 

I\  .  'I'lic  ltii>ilc  \  icid  |)(iiii(  tor  pure  coliali  is,  in  yciifral,  very  clo-c  lo 
the  tcnsili'  hrcakiii;  load. 

\'.  flu-  Iciisili'  sliiii^ili  ol  |)iin'  (oliali  iiurcasis  vcrv  rapiilK  as  ilic 
milal  i>  rolled,  ,is  is  (■oininon  for  most  nui.iis.  Il  m.iy  c.isily  icicli  o\it 
1(10,0(1(1  Ills,  per  >(|iiarc  iiicli.  1p\  ln'iiii;  swaj^cd  down  lo  ,i  wire. 

\  I.  Tlif  tensile  hreakini;  lo,id  of  pure  coh.ili,  (,i>t  from  ju-i  .ihove 
the  nieltini;  teinper.miie,  allowed  to  cool  in  iron  mould  and  turned  in  Lithe 
to  test  li.ir.  i>  i;realer  than  either  that  of  iron  or  nickel  prepared  ,iiid  lesteil 
under   the   s.inie   conditions. 

"('ommerci.il  Coli.ili." 

\  II.  The  elfect  of  the  addition  of  carlion  is  to  increase  the  tensile 
hre.ikint;  streiiylh  of  coh.ill  very  markedly,  the  \.ilu<>  ri>ini;  from  .U,40()  His. 
per  s(|uare  inch  for  the  pure  cast  and  un.innealed  nuM.il,  to  in  the  neiuhhour- 
hood  of  ()1,0(l((  lli>.  per  s(|uarj'  inch  for  cohalt  carr>in!L;  from  OtKiO  to  0-,^() 
percent  c,ul)on,  .More  ex.ictly,  the  aver.i!,;eof  eii;lit  nu  asurenienls,  with 
a  carlion  conleni  of  a|)pro\imalely  ()-0()2  per  cent,  i~  ,s'),7()0  U».  per  scpiare 
inch.    Siiiiilarl\,  the  average  of  lifiem  lucisuremenls,  with  .i  carlion  content 


v.iryuig  111  till'  neiyhiiourhood  o|  ().  J.s  per  fv> 


()1,')00  llis,  per  sfjiKire  inch 


liK.  (i.    Typical  compressive  stress-strain  diagram. 

P      -  I'rniT.irtinn;i!  limit. 

M    =  Maxiimirn  stn-s-, 

R      ^Conipn-ssivt'  liriakiiii:  ln.i.l. 

The  average  deviation,  however,  of  these  individual  measureineni 
themselves  is  such  that,  no  more  specific  conclusion  can  he  attached 
These  values  refer  to  cohalt  cast  from  just  ahove  the  melting  point, 
to  c<i()l  in  iron  mould,  machined  in  a  lathe,  and  tested  iinannealed. 
creased  tensile  strength  ma\  not  he  entirely  due  lo  the  iiresence  of 
for  these  tests  were  made  on  "commercial  cohalt". 


s  among 
lluTelo. 
allowed 
The  in- 
carhon. 


\IH.  T'u-  illiit  iif  iMrlioii  ,111(1  nilur  ini|>iirilit>  in  the  "ioiiiiik  rci.il 
coImIi"  i>,  til  KrciilK  incrcaM'  llic  |Kr(inl,i!L;c  ndiiilinii  .iii<l  cloiiiialiuii. 
\vlii(h  riM>,  ill  iiiust  la-cs.  well  .iliovr  20  pi  r  iciil. 

(■()Mi'Ui:ss!\  I,  SI  ki.N(.rn  mi  asi  rimi.nts. 

Tile  iiK'a>urfniiiiI>  <ii  tin-  n>iii|>n'^>i\f  ^Irmnlli  i>l  culiali  wcri'  iiiadf 
ill  tlif  same  Kiclilr  iiiii\(r:-al  -.laiulard  \irtiial  xiiw  power  tc-liiii.;  mac  liiiif, 
(if  1(M),(l(l{)ll)s.  capacily.  lliat  \\a>  iwiil  lor  llic  tcn>-il('  >lr(ni;lli  nic,i>iircmc!lt>, 
and  \\lii(li  i-.  dc-i  lilud  on  payc  17.  ,iik1  ^liown  in  I'lalc  II. 

Test  Bars, 

.Ml  liars  for  (■(inipr'»i\f  -lriii!.;lli  nua^urcmfiils  were  \\  iiulio  loiii; 
and    ]   in(lu->  di. muter. 

Method  of  Measurement. 

The  iiieasun  ineiil  \va>  ni.ide  u-ini.;  llie  toliiii.;  nuicliine  in  the  standard 
manner,  with  a  ch.irt  in  place  a>  >ho\\  n  in  Plate  II,  to  yet  an  .iiitoi;r.ipiiic 
stress-strain   dia^r.un    for  e,i(h    sam|)le. 

The  form  of  llie-e  stress-str,iin  di.ii;r.iins,  olit. lined  on  .dl  of  oiir  coin- 
|)ression  s.unple^.  is  shown  in   I'ii;.  (). 

I'roni  jioint  O  to  point  P.  the  coiiipressioii  or  str.iin  of  the  material  was 
very  slight,  .md  w.is  jjroponional  to  the  stress  or  load  .ipplied.  Tiie  \  ield 
))()iiit  is  not  \cr>-  clearK  differenti,ite(l  from  the  proportional  limit  on  these 
di.iKrams,  and  has  been  t.iken  to  he  .it  point  P.  M  is  the  m.ixiimim  stre^-s, 
an(i  R  the  rii|)liire  stri'ss,  or  <dinpres>ioii  lireakini;  lo.id,  wliiih  \,iliies  .ire 
i;i\cn  in  our  t.ililes.  Melow  are  tables  of  the  d.it.i  lor  these  nicisiiremeiits, 
as  olit,iiiie(l  liv  ns  on  "(ominerci.il  coli  dt",  and  on  pure  (dlp,ilt. 

Compressive  Strength  Measurements  of  "Commercial  Cobalt." 
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Compressive  Strenftth  Measurements  of  Pure  Cobalt. 
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Conclusions. 

I'urc  ( 'oli.ili. 

I.  Tlif  ionipii»i\f  >irtn);lli  ol  purf  toliall  c.i-.l  and  nn.;:intali(l  i>  in 
iIk'  ntinlii"    .ilioml  ol    122,011(1  pounds  per Mpiart- incli.     This  is  llu-  a\traj;i- 
ol    live  nua^urcincnts  on  coiiall   cast    Iroin    jn>t   above  its  nulling  point, 
allowed  to  tool  in  iron  inoiilil,  antl  inacliintij  in  lathe  to  test  liars. 

II.  riittllect  ol  antiealin^  on  the  foinpressivf  stren!.;th  of  cast  pnre  t  o- 
halt  s  not  \ir\-  niarkeil  the  averai^e  of  fix f  iiieasureineiits  of  tiie  eonipres- 
si\estren.uliiof  aTniealetiiast  eohalt  is  11  7,200  ponnils  per  stjuare  iiiili.  Tiiere 
seem--  to  tie  a  tendenc>'  to  lower  the  compressive  strenjith  li\-  anne  ilin^f. 

HI.  The  idni|)ressive  yield  point  of  pure  colialt  is  5(),1(I0  pounds  per 
stjuare  inch,  for  the  annealed  sa  !i)les,  compared  with  42,200  pounds  per 
s(ju;ire  inch  for  tlie  tmannealed  samples.  Thus  the  yield  |)oinl  seems  to  lie 
slinlitK    raisetl    liy   annealing. 

1\'.  The  compressive  yield  point  of  pure  cobalt,  cast  from  just  above 
the  meltiuK  temjierature,  .illowed  to  cool  in  iron  mould  and  niaciiined  in 
lathe  to  lest  bar,  is  considendily  nTfater  than  either  that  of  pure  iron  or 
nickel  preparetl  and  X'sted  under  the  same  conditions. 

"Commerrial   ("nbalt  " 

\',  The  olTect  of  the  addition  of  carbon  is  to  increase  the  compressi\e 
breaking  strength  of  cobalt,  the  value  rising  well  above  175,000  |)nunds  per 
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M|ll.irc  iiitti  l.\  ihf  .iihlilic'ii  III  In.in  II  IMiO  In  (>,<('  (int  (.irlHUi.  I  Iumj 
\.iliu>  nlcr  liKoLiilt  f.i-i  Inmi  jii-i  .iIi.im- llx' mili.HK  |m.iiii,  .illi.««<l  i.ii.k>I 
in  iniM  hkhiIcI,  m.idiinrd  in  l.illif,  .mil  i.-iiil  tin.inm  .ilnl  I'lu'  in.  rr.i-fii 
(■.iin|.n>M\f  ^irinnlli  in.i\  nd  !«■  tniir.K  <iiic  ii.  iIh'  pr.  ^  ii<  r  ul  .  .ithnn.  I«r 
tlu>f  lot*  were  ni.nif  iin  "t  uniincrci.ii  ciili.iir  . 

\'|,  Till'  illci  I  ul  i.irlxm  .inij  ollur  inipiniiii-  in  liii'  'KMnnuK  i.il 
(uii.ili"  .in.-  nul  >ttin  tiif.iilv  I..  .ilUci  ihr  \itl.l  pnini  ilimniili  ilic  r.inu''  "t 
nnr.iiiMr\.iiinn,.iilli..nnlinnili.  .i\.r.iu<' In.ni  II  n(,0  n.ii  M)\h-,  .  .iii  .it .  .irl.un 
\\ilh  ill.-  .iilur  inipiiiiii"  '•hi>\\i\.  i.n.U  i..  I..\\.f  ii  Imm  5  i..  Ill  p<i  .<ni, 
both  .innc.ilf.l  .iml  nn.mnf.il.il. 

\II.  riif  cl'li.l  111  .inn.MlinK  ".Dnnnin  i.il  rnli.ill'  i-  m  luw.  r  it-  tuni- 
pr(>si%f  Mr.iiKili.  "iir  value-  .n.r.iKini'  I  ID.IItlll  pminil-.  p.  r  -i|ii,iii-  in.  Ii  li>r 
llif  .iniuMl.il  -anipl.-,  .i>  <■..mp.ir.il  witli  l.sS.nui)  p.iim.1-.  p.i  -<|ii  m-  in.  Ii  I.t 
till-  mi.iimc.iliil  -.miplo.  

\III.  Tin-  i.>mpr(-'.i\f  \i.lil  I'.'ini  "I  "r.>nini(i.  i.il  ...ImIi  i-. -.imil.ir 
t..  tli.it  lor  ill.'  pur.'  mtt.il,  -lii'litU  r.ii-f.l  l>\  .mii..iliiin  ;  .mr  v.ilii.-.  .i\ir.i);iiiv; 
,<<>,l)lll)  |).imiiU  per  -<iii.in'  im  li  fi>r  im.um.Ml.-.l  -.implt-,  .is  (nmp.inil  wiili 
.^.^.IIIIU  piiiinil-  i>.r  xpiarc  in.  li  lur  ilif  .miu-.il.il  -.impli-. 

M\(illM\».,  K()I.1.I\(...\M)S\V.\<.I\(.(»I    Mil  AI.I.K    (  <)|{\ir. 

Turnlnft  Properties. 

I'lire  mtt.illi.-  ..ili.ill  mav  he  rciililv  m.uliiiud  in  llif  lathe,  .illlimiyli  it  is 
sonuwl  ,11  l.ritile,  .111.1  vielils  .i  -Imri  ilii]).  Tlie  .iilililint,  of  sin.ill  .mioimis 
of  r.irhon  r.nil.'r-  .uli.ilt  l.-s  hritlle,  .iinl  \i.l.l-  .i  Imij^er  eiirlnii;  i  liip  iM>oii 
tnrniii^. 

Swaftinji  of  Cobalt. 

Cast  coh.ilt  of  extreme  piirilx,  wliieh  lias  been  e.i-t  .iihir  in  iron  or  in 
saiiil  moul.U,  wlietlur  co.ile.l  -lowK  or  r.ipiiilv,  . -.1111101  be  .lire.-lK  -.w.iyeii 
down  to  .1  line  wire  witlioiil  -peii.il  niirli  mi.  .il-li.-.il   ire.itmeiit. 

On  the  oiIkt  liaiiil,  ■•i-oiiimeni.il  (-ob.ill"  .oiil.iiiiini;  -iii.iH  p.-reeiitanes 
of  i-.irbon  as  ileM-ribe.l  in  this  paper,  may  readily  be  -w.iyed  down  Irom  ea>t 
•.ir>  to  win--  of  any  de-ir.-d  di.imeier. 

Sw.i^ini;  Maihines. 

l-or  our  exiioriments  on  the  sw.iniiiK  of  n.balr,  we  iis.-il  .!  No.  ^  D.ivton 
swauini;  maehine,  m.iiuifaetured  by  the  l-;xrelsior  Nee.lle  (  onip.my  o!  I  or- 
riiiKiowii,  Conn.     Tin-  is  -hown  in  I'hite  III.  •  ,       • 

With  this  machine  the  met.il  i>  not  drawn  out,  us  is  l.ie  rase  with  wire- 
dr.iwiiiK  ni.iehines,  but  is  rather  hanmiered  .lown  by  beini;  pl.iced  withm  a 
pair  of  di.-s,  ..irried  in  a  slot  in  the  faee  of  a  revolving  maiulnl,  .mil  outside 
of  whii-h  i-  an  annular  rack  rontainini;  a  number  of  h.irdened  -n-el  rollers. 
The  dies  thus  revolve  rapidly  around  the  work,  which  is  hamnu-red  b>  them 
as  the\-  ji.iss  belwe(-ii  opposite  pairs  of  rolls  oil  either  siik-  ol  it. 

XViththis  maehine  il  is  eomi)arativelv  ea>y  I.)  swa^;e  h.ird  -teil  into 
fine  wires.  The  steel  will  i).iss  throiiijh  the  dies  t-ithi-r  hot  or  eold. 
When,  however,  a  bar  of  pure  eoball,  whiih  has  been  turned  111  a  lathe  to 
uive  it  a  smooth  uniform  surface,  was  plated  in  the  swaging  niaehine  cold, 
it  cracked  alonsj  its  entire  length,  and  broke  oil  at  iiu.ii>  iilaci-.  1  hi-  was 
repeated  several  times  with  dilTerent  bars  of  the  metal,  e.ich  tinu-  with  the 
same  result,  showing  that  the  metal  could  not  be  swaged  cold. 


Mi 

ll  lilt  .Itllr  r\  iilclil  ih.il  |)lirr  (oli.ill  tliiHt  III' uImm  xilllt' hell  liiMlliiillt 
IhIhii'  it  (iiiiM  In    "W.iyrd  ,it  ,ill.       UtTirr  .1  '        w.i^  tir-l  .iniic.ilcil  Iniiii  ,i 

II  iM|iir.ilurc  111  7IMI  (  ,  li\  111  .iliiiu  it  «ln\sK  in  liiis  ii'iiiiicr.iliiri'  in  ,i  y.is  miil- 
til'  liirii.ii  1-,  Imliliii^;  ii  iliiir  liir  .1  ^Imri  linu',  .iinl  iliiii  .ijlnwiii);  ii  in  run!  wiili 
till  liirii.ur,  iliirinu  mm  r.il  limir-..  It  u.i--  lluii  liialiil  m  ililii  nnl  |iiii|m  t.i- 
Inn-  liilnic-  Uitiu  pl.Hril  ill  till  -u.iKiii^  in.uliiiir.  wiili  the  l.illnw  itiu  n-iilt- 

\i  ')IMI^{  tin-  iiiii.il  iTiiiiililiil  ill  till-  111,11  hi  III  •.Willi  mvli  ii  vMricsiniiuK 
hoi  -hnrl,  .illhiiimh  llir  >iil|ilitir  intitttil  \\.i«  .i-  \<>\\  .i>  II  IMS  .mil  11  IL'll  ptr 
nnl. 

At  Tllli  (  I.,  .son  (  it  ,ii|l  ,t.iikiil.  .mil  Kn.kr  mi\  ImiIK  in  ilir 
in.iihinr. 

\l  5(Mr(  In  (ilMI  (  ■,  liuwrvir,  llir  li.ir  riiiilil  In-  |).i>mi|  lliiiinj;li  mii-  nr 
iwii  ilii  -  wit  hi  111  I  .iii\  .ipiLiriiii  i  r.ii  kin^.  It  wunlii  nnl  yu  l.irihrr  ili.iii  ilil>, 
.illliniiyli  llu-  li.ir  w.i-  riMnni'.ilnl  .ilirr  imiIi  p.i-.-,  ,ini|  riiliii  linn-  in  ili.niu  lir 

III  niiK  (1  (KIJ  In  II  ll(H  inrlli-.  nil  ,1  .<  ,H"  l,,ir.  wirr  in.iili'.il  i  .irli  p.i—  At 
lowir  liiii|Mr,iliiir-  ill. Ill  ihi-  tin-  inci.il  wnnlil  i  r.ick  -till  nmii'.  .mil  luni  c 
it  i- nli\  inti- ili.ii  ihr  iiiii.il  iiiii-i  I  if  ^.'iv  ill -niiif -|Mii.il  I  riMi  iiiiiii  111  niiilir 

il   llliiri'  ilinlilf  Inlnrr  il  r.ill  lie  >\\.ii;ii|  iliUMi  In  ,|  \\'m\ 

(nli.ili,  likr  irnii  .mil  nri.iin  nilur  niii.iK.  will  .ili-nrli  i  nn-iilrr.ililc 
i|ii.inliiir- lit  ^.iM- wlirii  il  i-.  in  till-  ninlirii  -.l.ilc;  .mil  ,i>  llif  ti.i-c-  in  llir 
until  will  in  .ill  |iriili.il>ilii\   li.ivc  ,i  Ii.mI  elicit  nii  ii>  ^wayiiin  prn|Mi-iit- .m 

.llliinpl  W.IMII.Iiii'  In  niiln\c  ,|||\  111  lhl-.r  H.IM-  tll.ll  m,i\  Ii.imIuiii  ili->n|viil 
in  llic  iiMl.il  .mil  wliirh  >lill  rciiuiiiuil  in  ihr  -nliil  li.ir.  Willi  tin-  in  view, 
a  li.ir  whiili  hail  litcii  r.i-t  in  ,m  irnn  niniilil  w.i-  hr.itiil  -InwK-  in  a  «ihm| 
x.uiiiitn  In  .1  iiinprr.iinri-  111  .ilimii  71MI  ( ',  whirr  il  w.i-  hilil  for  -i-xcral  limir-, 
at  llu' nul  lit  whici)  linu-  tin-  li.ir  w,i>  .illnwcil  In  iimiI  -liiwh  in  thr  tiirn.n  i-. 
This  triMiiiuiii  i- il.iinuil  tn  ii. nr  nnilricii  iinii;>i(ii  muri' ilin  tilr;  liiii  mi 
._ill(inplin^  in  >w.ii;i' a  cnh.ill  h.ir  wliiili  li.nl  Ihtii  tniti'd  lliii-.  \ir\-  lilllr, 
il  .my.  impriiM'iiiciii  wa-  nli-ir\iil  in  ii-  -w.miiiL;  pnipcriii-. 

riu-  nnthnil  wliiih  liiLilly  -iirt  rnlcil.  inii-i-iii|  in  -InwK  Kinlini;  linli.ir 
frnni  .1  iiiuh  iinipri.iiiin-.  1  lliirc  m  1  L'tl"!  .  mnlir  .i  liii;h  jin— iiir.  Tiii- 
w.i>  .iKiimpli-lnii  in  tin-  Injlnw  ini;  w  ,i\ .  Thf  li.ir  w.i>  pl.md  wilhiii  .in 
iron  niniilil.  -i|ini/i(l   liiihiK    by  nir.i.i-  ni  i  l.unp-,  .mil   tin-   whnlc   lualril 

sinwiy  tn  thr  ,ilin\r  IrinptI  ,il  liri'.  Tin  mnlllii.  with  li.ir.  W.I-  thill  ti- 
nniMil  Irnm  llir  liini.nc.  .iinl  tin-  niiu-r  pnrlinii  of  tin-  tinuilil  (hilli-d  wliili- 
thi-  ininr  pnitinii  -till  ri-in.iiin-il  lint.  Tin-  rnn-i'i|iii-nt  iniilr.nlinn  llirnu;'li 
ciMiJin^  nl  tin  niiii-r  pnriinii  r\iiiril  .1  I  nn,i(|t-r,iliK-  pn— nii-  mi  tin-  ininr 
hni  li.ir  nf  nni.il.  Tin-  mnlini;  iiinlir  ilii-  pn-Min-  cmiiinni-il  Inr  llin-i 
nr  Iniir  limn-,  .itii-r  wiiiijj  tin-  iin-l.ii  -w.iv;i(|  .ii  .i  <liill  nil  In-.ii  wilh  \i  t\ 
litlii-  iliniiiilu-. 

■Jlu-  pHH  i->-  nf  swaKin^;  inn>i-u-ii  in  p.i->ini;  tin-  nnt.il.  luali-il  m  ,i  (lull 
ri-il  In-at.  thnnij^h  -iini->-i\i- ilii-s,  wiiich  iiamnn-n-il  it  ilnwn  inilii  ,i  wiir  nl 
till-  n-(|iiinil  iliaiin-n-r  w.i-  nlil.iiin-il.  Hnwi-\ir.  tin-  liniprnil'in  .il  wlii,  h 
tin-  li.ir  w.i>  p.i— 111  iliniiit;li  tin-  ilii->  h.nl  tn  In-  r.ii.-fitlK  n  uttl.ili-d.  .-  ilii 
nu-lal  .ipp.in-iilK  wmild  tint  -w.iyi-  at  .ill  wli.ii  mid,  .mil  winii  hm  miK 
lii-l\\i-i-n  MH)"  and  (lOllC.  hy  tlm^  ((mlrnllint;  tin-  uinpi-iMliin-.  ,md  Iri-d- 
111!^;  in  ihr  li.ir  >  i-r\   -Inwh,  t;nnd.  -ninnth,  iinifnrni  win-  \m  ri-  nlii.iiiu-d. 

Conclusions. 


111.  I'lin-  (nl).ilt  nia\  In-  tiuiihitn-d  in  a  l.illu- ,i- rt-adiK  a- pun-  ni<  ki-l 
nr  pun-  irnn,  allhmiuh  il  i-  -iinn-wh.it  hritlli-  .ind  vii-ld-  a  -hnri  iliip 

(i).  "I  oninn-n  i.il  inliali",  iniit.iiniiii;  -null  pi'rci'nla)it>  I'l  i  .irlxm, 
tH.irhini--  \c-r\    n-ailiK   after  the  nianner  nf  mild  -teel. 


I'l    Ml^lll 


■»\v.ii:ini;  \i  n  lnu' 
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(.i).  Cast  roliall  of  cxtrciiu' piiriiy  camiot  lu' inllfd  or  swaged  willioiit 
(IcM'ldpiim  cracks,  imK>-.  yixiii  a  siK-<ial  mechanical  lual  irc.itmcni. 

(4).  Cisl  colialr  ol fxlrcmt' |)iiril\  m.i\  l>c  ndlcMl  or  swaged  tii  any  ex- 
tent li\'  Cdolini;  llic  casliny  under  extreme  i)re>sures,  lolliiwed  li\  pa^>inj; 
tliriini;li  nilU  or  dies  at  tempi-raliin's  lii'tween  5(l(t  to  ()t)0^(",  and  so  a-,  to 
ri-dnce  the  bar  l)\'  small  percent ai;i-<  at  each  pa>s. 

(5).  "(oimnercial  cobalt"  containing;  --m. ill  percent aiie-iol  carl )on,  may 
be  rolU'd  or  >\v.ii;ed  Ifoin  cast  b.irs  to  an\  I'Xtent,  pros  idid  that  the  metal 
be  worked   at  a   red   heat. 

Mi;.\si  ki:Mi;\r  oi   i;i.i;(  irk  \i.  kisisiANci:. 

The  potentiometer  method  ol  electric.il  nie.i--iiiement ,  which  is  in 
re.ilitx  a  mea-^tin  nieiit  ot  I  he  drop  in  pot  en  I  i;  I  alony  a  known  lenylli  ol  wire 
when  .1  deliiiile  ciirriiit  is  llow  iiii;  throiiiL;!!  it ,  \\a>  em|)loyeil  lor  olir  mea>ll  le- 
nient^ on  pure  and  "commercial"  coiiait. 

I  he  -aiiiples  ol  metal  which  were  iixii  were  .ill  ca-t  Irom  iii--l  .ibo\e 
their  meltint;  |)oints.  allowed  to  cool  ^lowl^  in  an  iron  mould,  and  there.itter 
sw.li.;ed  down  to  wire>  ol  i;i\cn  diameters  .iccordiuii  to  the  method  de-cribed 
under  "Swai;i 111.;  ol    Pure  Cob.ilt",  p.ii;e  -''. 

Aii.ilyso  ol  the  sainplo  w  ill  be  i;i\en  in  e.ich  iii>l.ince  with  the  t.ibul.ited 
results  of   iju-   me.i~uremenl>. 

Description  of  .\ppariitus. 

1  i;^.  7  is  a  diai;r.imni.itic  sketch  of  the  eleclric.il  circuit--  .i--  the\-  were 
Used  in  the  potentiometer  mithod  of  mea^uriniL;  the  elecirii.il  re--i>t,ince  of 
cob.ilt. 

sends  .1  current   lhroU!L;h  the 


from  .1  point  X  in  the  coils  AC  to  the  switch  T,  whiih  i--  >et  .it  .i  point  in  the 
re-istance  DTA.  -uch  that  the  electromotiv f  force'  lutweeii  T  ,ind  X,  due 
to  the  b.itter\  W,  is  ex.iclK  eipi.tl  to  lh.it  of  the  sl.ind.ird  cell. 

riii>  b.il.iiued  condition  i>  detcrniined  b\  the  l;.iI\  .inometer  G.  which 
is  connected  in  the  circuit  of  llu'  si.md.ird  cell  by  thiowiiit;  the  >witch  U 
into  the  dotted  position.  I'he  resist, itice  R  i^  ,idiu--ted  until  there  i^  no 
(lellection  of  the  l;.i1\  .inonieter,  which  --iiinirio  the  b.il.inced  condition 
abo\c  menlioned. 

The  resislance  coils  from  A  uiC  .ire  .i  -.et  of  lifteen  .>  ohm  roil-,  .ind  the 

|)oint  X  is  >uch  th.it  ten  of  iheiii  are  included   between  A  ,ind  X.      ATD  i-,  ,i 

st.mdaril    roist.ince  -itch  that    there  i-  included   between  A  .nul  T  ia.k  ily 

()')|,^    ohm>         When     the    b.ll.mce    w.is    ni.ide     there     llowed.     tlierelore, 

,  ,       ,  .  ,  Mtl.V)  1 

throm;!;    the   potentiometer   circtnt,    .i  current   I     -      .,,  ,,,.  .    .imperes. 

'  ,sO<)4,->         .111 

This  adiustmeiit    is   rMcie  so   that,    for   this  current    in    the  potent iometer 

circuit,  till-  drop  in  polenti.il  .icro»  two  .idj.iceiit  coils  .ilonv;  AC  i>  ex.ictU' 

1    10  of  .1  volt. 

The  switcii  Used  is  now    llirowu  to  connect  .in  unknown  elect lomolive 

force  (E.IVI.F.  in  the  (liai;r,ini)  through  the  i.;.il\.inonieter,  .ind  in  such  .i  w.iy 

thai   the  current  from  the  new    source  llow>  in  the  s.mu-  diri'ctiou  .i-»  lli.it 


M 


from  llic  standard  cell.  Tlu'  slidiiiji;  lonlait  M'  i>  hiouulu  to  tlic  zero  end 
of  the  >lidi'  wire,  and  llu'  niovini;  contact  M  is  sliiftid  Imm  C  tonards  Mk 
st(|)  1)\  sti'p.  until  the  t;al\  aiioinclrr  dcllcction  i>  rcMTM'd  in  direction. 
M  i-  left  al  the  la>l  point  fr)r  which  a  i;al\,inonieler  dellictioii  is  in  the  same 
(iire(  lion  a--  when  IV1  was  at  C.  Tlien  the  contact  M'  is  nio\iMl  alont;  the 
slide  wire  until  the  t;al\anonieter  delleclion  is  ziro. 


I  IK.  ~.     .\rnin)ieinent  of  circuits  for  electrical  resistance  measurements. 

W  .lll'l  W       =  -  vmU  illlcl  4  \nlt  ^l..r;l«|.  hiltlirit-  n-^prrtivrlv. 
R  iiiul  Ri        =.\.ljiist;ilih' rli.'i.slaK. 
U  .lll'l  U'        =l)..ill.li-Uir..w  s»ilclie<. 

G  =  <'.ul\Mllnrii(.t(T. 

R  .iM'l  Ri        =Stii.i1!  tc^i^taiii  f^  ^or  iJioU'rtinn  (if  ni»Iv;in'imi'ter  in  iiuiliiiii;  uiiju>tnn'ms. 
Sill.  =Slaiicl.ii.l  ..li.  i-.Mi.f.  ^   I-OIS')  villi-. 

S  =  Wire  It'su-d. 

S'  =Standar(i   ri'sislaiuc  <if  01   uhiiis  lorri-it    tii    '    nf  oiiu  pir  cent,  ami   with 

no  ti-niiHTaturt'  ciH-tVuii-nt. 


Till'  readiiii;  of  the  contact  point  M  i;i\i-s  the  \ahle  of  the  electromotive 
f(jrce  in  tenths  of  a  \()lt,  and  that  of  M'  from  hundredths  to  hundred- 
thousandths  of  a  \olt.  Thus  a  \er\-  accurate  measurement  of  the  unknown 
electromoiivf  force  is  olitained  in  terms  of  the  known  standard. 

The  unknown  electromoti\e  force  in  these  experiments  is  not  a  cell, 
hut  is  ihv  drop  in  potential  alonj,^  S.  S  is  a  niven  length  of  the  cohalt 
wire,  wiiose  resistance  is  to  be  niea;;ur,d,  through  which  a  small  current 


iv^v^vw^  r^ — ^        '  °     C3r^" 
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Fig.  8.    Annealing  furnace  (full  size):  longitudinal  section,  taken 


2Z22:2ZZZ3  »  >  >  >  >  I  ^  f  J  J  ,  ,  J 


/••.\\\\\ '..'■.  \'J:~         G     -Gla»  plugs! 
■'y.  'v  \  •>^  \  V\  \  '•■!  '' r  6        I      -  Iron  tube 


'^     -Asbeitos  insulating  ringii. 
B     -Contact  bar.         ••      ■• 
C     —Double  connectors. 
C    -       „      connector  with  set  screws 
removed. 


k  "Electric  power  connection*. 

P  -Sted  coilspring. 

R  -Rubber  stopper. 

S  -Sample  to  be  annealed. 

T  -Thermo-couple. 

V  -Connection  to  vacuum  pump. 

W  -Iron  wire. 


ion,  taken  vertically,  through  centre. 


I-  iM—iiiL;  In. Ml  Ip.illcry  W  coniHclfcl  a-  -ln.wii  in  the  ili,ii;fMin.  In  llii- 
I. II  let-  nrciiil  WS  ilurc  i-  .il-d  cDhiiccUMl  ,t  -laiul.inl  ic-i^taiicf  S'  ol  (tl 
ulini-  l!\  iliniwiiiu  ihc  -wiicli  U'  into  \\v  (lulled  pci-iiioii  ilic  (Inip  in 
poUiili.il  alipiii;  S'  \\a>  nua-iirdi.  Knowing  llic  (Imp  in  potential  aldiii;  S 
and  alni  alon;^  S',  when  the  -.anie  cinrenl  i-  pa^iiij;  llinnit;!!  lach.  the 
re-istaiice^  are  known   Ironi   the  tollouin^  e(|iialioii 

liiiLiiowii  re^ir-laiKc  S  ^     diup  in  potential  aloiiy  S 
Isiiouii  rcvi, lance  S'    ~  drop  in   potential  aloii'^  S' 

Method  of  C^oniputation. 

I  he  leni;lh  S  iietwcen  two  kiiile  e(l;^e-,  wliicli  lorined  the  contact  points 
liel\\((ii  whicli  the  elect  roniol  i\c  force  wa>  determined,  wa-  carellllK- 
ine.i-Mi-ed  to  teiilh--  of  a  inillinieter.  The  axcraye  diameter  of  the  wire 
wa-  inea-iired  to  ihoil-andtii-  of  a  millinuier.  and  from  tlie~e  data  the 
>pecilic  roi-tance  of  the  wire  in  ohm-  per  ciiliic  centimeter  wa-  calciil.ited 
to  lie 

k  A 


where 


K 
K 


=    M 


A      = 


A  _'  ^     -       1 

total  re-i-tance  of  S  in  ohin>. 
leliytli  of  S  ill  ( cntitneter-. 

aMiai;!-  cro->  -ectioii  of  S  in  -(|iiare  centimeter-, 
-pecilic  re-i-lance  in  ohm-  [ler  centimeter  ciilit  . 


Alter  this  ine.i-iirenieiit  the  wire  was  cm  to  the  exact  length  S.  caru- 
flllly  weighed  K.  the  iieare-l  millii;rani,  and  the  deiisiu  of  the  wire  deter- 
mined Iiy  the  Archimede>  principle.  From  the-e  dal.i  the  iv-i-l.mce  of  the 
wire  in  ohms  per  meter  urani  w.is  calculated  as  follow-:    - 


1) 


from  which  we  ha\f 
k      =       Dm 


M, 
lA 


or     A      = 


M 
1)1  • 


kl- 


k      = 


km 


where, 


1- 

M     "      M' 

R       =      resistance  of  S  in  ohm-, 

M      =      mass  ol  S  in  i;rams, 

I)       =      deiisit)  of  S. 

k        =      s()ecitic  resistance  of  S  in  ohms  jur  meter  i;ram, 

\        =      \()lmne  of  S  in  culiic  cetiiimeiers. 

I'or  ,1  comparison  of  k  and  n  it  -honid  he  noted  that  k  is  f(|ual  to  ^ 
multiplied  liy  ihe  density  of  the  wiri    'imes  10'. 

Helow  is  a  table  of  the  values  obtained  by  this  tvpe  of  measurement 
both  ill  ohms  per  centimeter  cube,  and  in  ohnis  per  meter  gram,  together 
with  analyses  of  the  si)ecimens.  In  each  of  the  values  for  k.  the  computa- 
tions wire  made  ilirectly  from  the  length  of  the  wire  in  meter?  and  the  mass 
of  the  w  ire  in  grams. 

Annealing  of  Wires. 

The  efleci  of  annealing  on  I  he  conductivity  of  both  pure  and  "com- 
mercial" cobalt  was  studied.  In  this  connexion  the  annealing  was  ac- 
complished   by   two   methods: 


M 

(1).      I'a>sin^  a  siiil.iliU'  licciric  ciiiTciit  iliruiiuli  tlu'  wire  in  vacuo. 

(2).     lli'atiiiK  within  an  i-lcciric  furn.ui'  in  a  COi  atnujsplicri'. 

Tlif  ainicalinK'  lurn.icf  nsrd  for  licating  in  wicuo  consisifd  of  a  cvl- 
indrical  kI-'--*  Hilic  al)oMt  4  fici  in  icni;il)  ami  2  intlus  in  (JianultT,  and  M'aled 
oil  at  tile  end  with  rnlil)iT  >to|)pcr>^.  Through  tlic  ends  proinidcd  copper 
l(ad>  .ind  a  (iinnc\ion  to  a  \actiiiin  pmnp.  The  ^l.ick  in  the  coi)ait  wire, 
dcveio|H'd  upon  heaiini;.  was  t.ilien  up  liv  a  coiled  sprinj;,  as  shown  in 
Fin-  ^-  I  lie  approximate  tiinperatnre  was  iiieasiind  by  a  tlierinocoiipie 
placed    at^ainst    tite   .iinie.dinj;    wire. 

Tile  liiriiace  Used  for  .iiiiualinK  iti  .i  carli<in  dioxide  .itinospiuTe  con- 
sisted of  an  iron  tiii)e  about  4  feet  ioiiy,  and  2  indies  diameter,  wound 
witii  >iiilalile  insulated  niciirome  win.  The  ends,  wliicli  were  sealed  olT 
with  rubber  stojipers,  witc  water  cooled,  and  contained  a  suitable  an-i 
inlet  and  outlet. 

In  the  tables  lollowiiiK,  showing  the  resiilt>of  these  resist. nice  iiiiMsiire- 
lueiits.  in  the  (dliimii  under  "  Remarks",  will  lie  inilic.ited  b>-  wliich  of  the 
above  tiiethods.  "N'acuum  I'lirtuuc"  or'C.irbon  Dioxide  .\tniosphere", 
the  aiinealini;  was  accomplished. 

Electrical  Resistance  of  "Commercial  Cobalt." 

All  i>l   l!n-  ^.iiniil,^    111    till-    fcjlU)\vm«    titli!.-    ot    iina-urriiiriits   u.t..-   .;i-t    Irniii    in-t    .i!,nvc  tin-  niiltiiii: 
p.'lIU.  .tMiiUnl  t,i  '  -Kj'  in  .111  HUM  iiuiiilii.  iimi  luiiuil  in  .t  l.itlu-  in  .i  Ij.ir  nl  iltioilt  inii-  i  .-iitiim'tiT  lit  ili.lllU-tiT. 

Thc>  well-  t!  11-11  i..i>^,-.l  thtiiimli  itit'  ^\^a^itlt:  in:uli ,  iitti-r  ..pi-i  i;il  ti.-at  unil  tiif.  h.iiii.-,tl  tr^'atiiifiit.  ,».*  il('..iTil>i.i| 

I'll  I'.iLir  1*1.  .iiiil  lii.iwii  iliAMi  til  wins  111'  lln-  (U...irfi!  (lUiiiu-lrr.     Tlit-y  wrn-  not  .itin.-aii-il  nr  uiM-ii  lurttuT  heat 
tri.iiiin:a    .ilt.-r    ilrawinii. 
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n  o!J 
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num- 

0   IM)f)(i 
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0  K4MI 
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tlirnai".  (  Oj  at- 
mosplnti". 

u 

(MKiJ.i.T 

2   X^S 

I  1 

I 

Si 
i  A 
I' 

iiunu 

0    l«t    1 

n  oiJ 

num-  ; 
It  im4' 

ni'iu-  1 

0  IMXid 

'^4   (IfixlU 

0   S44J 

AiiMcai.-dal  TlMI^C 
tnr  1  liour  in 
fnrnacr.  <  O-at- 

HIU-iplUTf. 

if''<  2'H 

1    1  15 

(  .) 
\i 

s 
t 

Si 

nunc  1 
0    IV   ! 

ntinr   1 
(»  4W4! 

■'.i-.i.ixl(»' 

l^^,^(l^) 

Ann.aicdat  7iKI-<: 
lur  1  \iin\T  in 
tiirnncc,  Ct_>j  at- 
rnosplu-rc. 

.\pl.J,v 


Ap!..^^ 

I'm 


I>    II  UKiri' 

1    II.SCI     (  ,,  ')<)   I,      ,    iji    ,<,,sl(,'      (i.xidJ      \ii 

.M     I1..I1I.  ,  I 


Uil      .Nut",  ■hup  ill  rvT-i.-I.iiii-i-  lirUvf 


1m-      1)    l-J 
S         U   (JIJ 

luniat 
lliu-pi 

c.  (  4>;at- 
<TC. 

(           Iliilii' 
Si       0  UN  4 

(  a    nunc 

1'      (1   (HKid 

I    il  'CJ     (» 

'M    OS. 

10 

0 
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AniuMic 

I  M  MH)  (■ 

Ni     n>.iu> 
I-c    ni') 
S        0  01 J 

tut       ' 

tiirn.ti 

MlU-'pl 

hour  m 
'  .(();at- 
ftf. 

t'       nunc 

Si      0  0S4 
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{'    0  iMM'O 

"500M'    .111 
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Tlir   lollowin^   vallirs  of   tlu'   r-iHTific   ri>.i>laiici'   of   coh.ilt    art'    takrii 
from   till'  literal  lire:    - 

Specific  Electrical  Resistance  of  (Cobalt. 


T'liipt  r.ltnr'■ 


I  I'lUUIli-UT  .lit'.-. 


Kiii.Taii.l  K.I1I,  k..  ■ 
Il[ilni;in  ' 
Kn(.!l,  (  .  <;.  ' 
Knult.  C.  I.  < 
Rciiliarcll  '  ')'!»'  ,   1  ,). 


K....M1 

-7 
^S    X    1') 

l<u.,n. 

(.1  X    111' 

K.,,.ni 

'j;  X  1(1 

1(M»  K' 

I'l    X   UP 

liMt^V 

l^'i  X   111 

Jll°( 

'j;  X  10 

III  addilioii   to  llu'sr,   the  followinj;   vallU's  of   llu'  N|)i'(il"ic  resist aiicf 
of  nickel  are  taki-ii   from   the  literal  lire: 

Specific  Electrical  Resistance  of  Nickel. 


'I'fiirir.itiirc  spi-i  itir     rf<i>l;iln  *■     m    nliltis    prr 

i-i'iumir'cr  riili.'. 


(   n|,iiilX  I. 


(.1        X     11) 


K.M.I  .m.l  k.iiH  ku 

ll..tlM.in     '. 

lli-llliii.;' 

Ni,v,.l,i. 

Il;iri 1.  i:,   I'   \  . 


H„.„n 
K.'olii 


II  I 


77  :x  111 

71)  X  HI 

<>')  X  1(1 

11')  X  111 

lil.i  X  111 


'  AniMiU  II  d.- I  h  mi.' ,1  ,1.    l'h\*ii  II.-  iSi    \..l   (,     I'ili5,   i.    MIS. 
■' l-.rriMi:.  \..l.  III.  p.  . '57.     I  li.niii  ,il  .\li..l  i.ul-.  IM,].    ii'll. 

'(",<-iiiriil  M.l.iM.iruv.  I'll.!,  p..  i'l. 

<  I'ro.i'.ihm:-'.!!  llir  K.ival  S<)iiL-lv  of  K.liiihMriih.  IS.  (IH.  IS'll. 
'  Anii.ili-ii  .1.-  I'hvsk-.  lit  (1,  H.f->.  I'HIl. 
•  l"r.Ki-i'.liiii;si.l  ill.-  R.iv.il.s.Ki,-lv,  \"i.l.  (.0.  p.  ^(l.  l')(H). 
'  l.ill..-!   k.-M.|.   10.  .  ll.  p.   757,   I'ilH.. 
l.illii-i  K.-iiil,  1(1,  l.!l.  p.  IS.i,  |i«l7, 
'■  Pr.i..-.-.iiii-:«  .11  111.-  I'livsit.il  Sk-i.-u  ,  \'.,1.  IS,  ;,.  57,  I'JO.V 
I'llil.w.phi.  .il  M.K.i/ili.-.  (Ill  \'.il,   i.  p.  r,7,  1'<1)!, 

Conclusions. 

Pure  ("olialt. 

(I  I.  I'lie  spi'cirie  eleitric.il  resist. nice  of  coiiall  wires  of  i-Mreme  purity 
is  8'J-(i4  ■  1(t  '  ohms  per  centimeter  ciihi',  or  ()-776')  olims  [ler  meler  i;ram, 
.11  IcS't".  This  is  the  avi'r.i.ye  of  t\vel\i'  ohserv  .uions  ayrei'iiii;  well  .iiiiont,' 
themselves,  and  is  for  wires  imamu'aled  .illi'r  sw.ij^iiiy.  I'liis  i:~  .ipproxi- 
m.iuK'  li\e  limes  that  of  |iiire  co[)|)er. 

(J).  The  effect  of  .iiinealiili;  coh.ill  wire  ol  extreme  piiritx'  in  \  .iciio,  at 
about  .^5(l°("  for  sexcr.il  hours,  \>\  p.issiiii;  .tii  electric  current  ihroii.nh  tlu' 
wire  is  to  diminish  its  electric.il  resist, nice  1)\-  .ilioul  .^  per  ceiil.  Tiii-.  is 
not  as  much  .is  is  true  of  sonu'  metals,  as  lor  example,  .ihmiiiiium,  wliicii 
(limiiii>hes  its  ri'sislance  about  10  per  cent  li\  .iime.ilini;  for  2  hours  al 
250C.' 


'  II.  l.vnT.kc,  l-;l.-.  iri.i.iii.  \i.!,  -;.  p,  l~'i. 
I  li.-iiii.-.il  .■.bslr.Kl^,  I'M  t,  p.  1114'" 
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{.?).  Tlir  I'ffiTt  of  anru'aliiijr  colialt  wiri's  of  i-xtri-nie  piirilv  in  an  at- 
mosplu'rc  ol  carl)oii  (lioxiclf  ^as  Ity  heating  from  an  fxtcrnal  ^<)urc-c-  is  at 
first  to  increase  the  rrsistaiuv,  liut  with  rontimifd  annealing  at  increas- 
inj{ly  liinlii-r  tcnipiratiiri's  up  to  SOO'C,  tin-  spwific  n-sistancf  drops  a^ain. 
It  is  particularly  notici'alilc  that  there  is  a  drop  of  about  7  per  cent  in  the 
specific  electrical  resist.mce  of  cobalt  wire  of  extreme  purity,  annealed  in  a 
carlK)ii  dioxide  atmosphere  at  6()0°C  compared  with  one  similarly  anneahd 
at  500°C.  'I'his  drop  was  from  101  X 10^  ohms  |)er  centimeter  cube  to 
'^,1-5X10  "  ohms  p<r  centimeter  cube. 

(4).  'Ihelact  that  annealing  in  vacuo  diminishes  theelectric!  resistance 
of  pure  col i.ilt,  whereas  annealing  in  an  inert  gas  at  low  lem|)eralures  in- 
creases its  electrical  resistance,  which  is  again  lowered  bv  heating  at  higher 
temperaturis.  lends  to  show  that  the  specific  electrical  resistanci'  of  cobalt 
is  l.irgeK-  inllueiiced  b\-  the  presence  of  oc(  'uded  or  absorbed  gases. 

"Coimiiercial  Cobalt." 

(.Sj.  The  siH-citic  electrical  resistance  of  cobalt,  similar  to  copper  and 
most  other  metals,  increases  tremendousK"  b\-  the  addition  of  small  per- 
centages of  impurities.  Less  than  (»-,S  per  cent  of  impurities  may  treble  the 
electrical    resistance. 

(6).  The  specific  electrical  resistance  of  •'commercial  cobalt"  varies 
between  2,^X10-'  and  KMXID  •  ohms  pjr  centimeter  cub.-,  for  the- 
cases  wi'  l)a\e  studied,  depending  upon  the  naturi-  of  the  small  percentages 
of  imiHirities  present.     These  figures  are  for  wires  unannealed  after  swaging. 

(7).  The  effect  of  annealing  "commercial  cobalt"  by  passing  an  elec- 
tric current  through  the  win-  in  vacuo,  is  to  greatly  reduce  its  specific 
elect ricaj  resistance.  Annealing  in  this  way  at  .^,S()°(""  for  5  hours  reduced 
the  specific  resistance  by  api)roximatel\-  14  (kt  cent. 

(8).  The  effect  of  annealing  "commercial  cobalt"  in  an  atmosphere 
of  carbon  dioxide  gas  by  heating  from  an  external  source  is  in  general 
to  decrease  its  resistance.  Simil.ir  to  the  case  of  jnire  cobalt,  there  is  a 
sharj)  decri'ase  in  resistance  in  the  sample  annealed  in  an  atmospluTe  of  COo 
gas  at  W)0°("  compared  with  that  similarly  annealed  at  .SOO°t'. 

These  conclusions  all  refer  to  measurements  on  wires  made  from  bars 
cast  from  just  above  the  melting  temperature,  allowed  to  cool  in  an  iron 
mould,  and  then  swaged  to  wires  of  appro.ximately  0  03"  diameter,  in  the 
manner  described  on  pages  29-.?0. 

Magnetic  Permeability. 

Cobalt  is  magnetic  at  all  temperatures  up  to  about  1100°C.  The 
magnetic  permeability  and  hysterisis  ol  pure  and  "commercial"  cobalt  have 
been  and  are  being  studied  at  this  laboratory,  and  will  be  reported  in  detail 
in  connexion  with  the  publication  concerning  certain  magnetic  alloys  of 
cobalt. 

Specific  Heat  Measurements. 

Method  and  Apparatus. 

The  specific  heat  of  cobalt  was  determimd  by  the  method  of  mixtures, 
and  the  result  is  probably  accurate  to  within  0  5  per  cent. 

The  method  employed  consisted  in  heating  a  weighed  amount  of 
metallic  cobalt  in  the  form  of  short  pieces  of  wire  to  100°C,  by  bringing 
them  into  temperature  equilibriuin  with  steam  at  normal  temperature 
and  pressure,  at  the  same  time  having  them  enclosed  so  that  they  were 
perfectly  dry.     This  was  accomplished  by  a  simple  boiler  device. 
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Whrii  llif  metal  was  tliiis  l)r<)iii;lit  to  KHl'^C  which  lciii|Hral  un-  was 
n-ad  on  a  suilal)lc  tluTiiionulfr.  .md  alter  con-laiu  leiiiperallire  readiiius 
on  tliis  tlieriiuimeler  had  been  ol)lained  for  a  i)eri(id  of  miiuile^  it  w.is 
flropped  <lire(tly  from  the  healer  into  a  siiilahle  calorimeter.  I'rior  to 
droppiiii;  tiie  (dl)alt  at  10()°('  into  thecalorimeUr,  prelimiiiarv' lemper.it  tire 
readings  of  tile  water  in  I  lie  c.ilorimeter  were  m.ule  over  a  peril  «1  of  mimiles. 
These  re.idiniis  were  contimie<l  with  imiform  ^tirrinlL;  of  the  c.ilorimeler 
li(|uid,  after  the  introduction  of  the  coli.ilt.  until  the  lin.il  e(|iiilil)riiim 
calorimeter   tempenitiiri'  ha<l    been    re.iched. 

The  ihermometiT  was  ri'ad  to  one  hundredth  of  a  di'i;ree  eentii;r.ide, 
and  readinijs  witc  taken  e\er\  l\veiit\  scioikU.  This  method  oliviotisK 
^i\(s  ns  the  mean  >pecilic  he.it  between  ll)(l'('  ,ind  room  tempiT.iliire. 
a|)proxiniately    l.^'C. 

As  thi»  i>  a  more  or  le>^  st.ind.ird  c.ilorimeler  obser\.iiioii.  it  i-  not 
sei'ii  lit  to  t;iM'  the  minor  det.iiU  of  the  .ippar.itns  .md  methoil  of  procediiri'. 

M.ileri.il. 
'Die  cobalt  iisid  lor  the  specific  he.U  me.isureineiits  aii.iU'^rd  .is  follows: 


H  21.?. 

Co 

W-7.> 

Ni 

none 

Fe 

0-14 

S 

d-Ol') 

(• 

none 

Si 

()()4(t 

("a 

none 

P 

none 

'I'he  miMii  of  a  series  of  specific  heat  me.'  .irements,  m.ide  .i-.  indic.ileil 
above,   uivis  lis  as  the 

main  s/xritir  heal  of  rnbuU  behcccti  15  -  l<l(PC  =  !)■  Id^.i, 
with  .111  avcniue  deviation  of  sinijle  observ.itions  from  the  iiie.in  ol  .iboiit 
0-5    piT  cent. 

The  writer>  wish  to  aiknowlecl^e  tliiir  indebtediu»  lo  l'idfe>sor  W.  J. 
Drisko  of  the  Dep.irtment  of  I'hv^ics,  M,i>s.icliiist'tl>  hwlitiite  of  'I"ecli- 
nolo^y,  Ho>loii,  who  was  ijood  enoiinh  to  li.ivf  sevcr.il  specific  lie.it  mea- 
surements of  the  s.ime  materi.il  ni.ide  under  his  direction  .it  the  M.i^s.ichu- 
setts  Institute  of  Technoloiiv  .  These  measurement-^  were  made  on  the 
same  niateri.il  .is  above  (H  21.?),  which  was  sent  from  this  i.ibor.itorv'  for 
the  purpose.       {-"oUowiiiL;  .ire  the  me.isua-iiU'iits:  - 

II   21.?,   M.irch   I.S,   1<>14. 


l)r\  i.iti'di  .it  .1  -.i!iv;!f  '>ii  ■■tv.iUoii  ln-111  li;r-  mcar.. 


(1 

U)7(> 

n 

1(1*7 

0 

m.^.s 

(1 

1(i(.n 

0  (KM4 

U    IMI|<I 

0  iini).' 

M    lUHH 

0   tHlIM 

Mean    siiecitic    heat    of    cob.ilt    between    l.S    ll)(l°("  =()•  1I).>(>     (ItlDO.S. 

The  following  values  cjf  the  ■.pecific  lu-.it  of  cob.ilt  .ire  t.iktn  Irom  the 
literature. 
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N.iiii.- ..f  ,,l.«.r\    1.  TiiiiiuT  iliTi' niiiK'.  Simifi<- litMt. 

-S        ■■        I-.  (.   tf,n,f 

1'      ■    ii"i  (I  HUM 

1"^  1^^  II  Kit; 

1"^      ■    <^"  iiiii.-,; 

1'       -      <<-  (11147 

Til.l.M=  "  ""'  IM.'U 

'•'''"'     ■■■■  'M  .'im  I  ,1  1(11 

i.i<v:i".\<  ....  5,„,,^.  „   ,  ..| 

Sim  u  ,    16 

liHm  ij   .111 

f  cpa'ix'  .....  ,„      .     I,,,  ,■  II  III! 

Kal.ni:.  .,„.|  Mum.-  l^  i.hi  i  „   i,,-,; 

'■"'-'•'•-  1^  l.MM  I   Kl.V, 

'  I'nii.vilnm-cit  l<,.\.il  Nx  iiH.  \..:.  (.(I  1 '>'«).  1 1.  .'11. 
I'r.Ki.  il'ni;*  ,>i  |<,,v,i;  >.■.  ^ri>  .  \  ,,l.  71.  I'lii.l    ,,.  .'_'li 
M  ,.iii|,l,-<  UiMvl.i.    \oi.  1411.  1'1II5,  p.  (,.s;. 
*   .\iiiuiieii  (!'■  (  hinreri -ie  I'livri.iii.' (Si.  Vol   r.   Iijd.i  p   ^(is 
'  llii-  I'hvs.al  l'r..|.i|. 1  ih.-  M,.|,,l  (  ..l..,l!.  Mil  1.      i  Thi-  K.  i«.rl  ,. 

l:inii  llu'M'  titiuns  the  Inn-  >|H(it"ic  Ileal  at  .iiiv  tnniH'raliiri'  niav  Uv 
Kiiiipuiid   Iniiii  (»°C  1(1  .S<J()°('. 

S|H-(iric   lual     -=()•  10.^8  +  (i()(l()04.=;7i   +  O-OOOOOOdf.f)!-. 

MI(  R()1'H<)T()(.R.\I'HS 

Follow  iiii;  are  a  -.cries  <if  iiiier(i|)li(.i(iKi  iplis  taken  in  i  iiiine.\i<iii  with  the 
iiu'tal.s  (lixusM-d  in  the  [irecediiii;  I)a.i;e>.  .Sd  attempt  iias  been  made  to 
make  a  miiiute  or  eomplele  micn.phdKmraphic  stiidv  or  inalvsis  of  cobalt 
with  the  Miiall  i)ercentaf;es  of  iiii|)iirilier,  with  which  v  i  lave  to  do  in  this 
paper.  Such  a  study  would  be  decidedly  interesting;,  bill  unforlunalelv, 
Is  not  (Missible  in  the  time  at  our  dis|M)sal. 

Hie  microphotonraphs  shown  are  r.ither  characleristic,  and  re(|iiire 
no  lurlher  explanation  than  the  legend  acconipaiivinj;  them  and  reference 
to  the  text   to  which  they  belong. 

Pure  Cobalt  H  212 

Tensile  strength  bar. 

t  ast  from  jusi  abovi'  the  melting  point,  allowi'd  to  c(;  il  in  iron  mould,  and 

turned  in  lalhe. 
Date  (jf  niicrophotograph-  -Max-  X,   1<>14. 
Density-    .S -75(12  at  17"(' 

.Allah  sis  I- 

("<> <)<)■<; 

•■"V ()-2() 

•;' IIOIU' 

^ none 

^. ()-()17 

\.'' none 

,,  .     „  ,       ,    ^' none 

Hrinell  hardness      128-7. 

Tensile  breaking  load— 37.'>00  ixumd^  per  scpiare  inch 

Melting  point      1,47S°C.    ■    \\%\ 

I  iching-   strong  icMline  for  .<  minutes. 

Magnification    '\M)  diameters. 

Exposure     1  .second. 


I'l  .Ml.   I\ 


^^ 


I'uri'  (^.1  ,ili     II  .'I  J' 


I'IMI.  \. 


(  iiiiiinrn  i,il  ( '.ili.ili   I  II  .>Hi 


I  'I    Ml     \  i 


= 


I'lirc  (  oImIi     II   JI4 


Plui    \II 


CoiTiimTii.il  <  •iliali  !  II   I  (di. 


i 
I    \ 


3 


i 


I'l    Ml-    Vllt 


L-  -  ^^ '  i'  .V  '•  Li  f 


^vlr• 


.ii!  (  ,,',,1       II    'Uc, 


I'l    Ml     l\. 


(  iiiiinirK  i.il  (  iili.ih  ill  .'I  In 


I 'I    Ml     \. 


►  >** 


(. ,111111.:,  I, il  '  ,,l,.,li      II  ^7 


['■All,   M. 


(  .  iiiim-ivi.il  C.ih.i't  ill  S7i). 


I'l  \ri    Ml 


I  ,,in;.ur,  i,il  (  .,l,,,li    ■,  1 1   1(1<), 


I"!.ATK   Mil. 


(iiiimun  i.il  (  mIliIi  (II  Jl  I;. 
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i 
i 


i 


•2 


"Commercial  Cobalt"  II  21.^ 

Date  of  inirniphoto^raph — Mav  •>,  1914. 

Density     H-77,U  at  WC. 

Aii.ilvsis  ' , 

(■«»  «W".» 

Ni  iiuiu- 

I.'  OU 

S  (»  (II') 

('  iiiinc 

■^i (Id.'o 

Rriiull  lianliu-ss     l.'lo. 

'IV.isilc  lircakiii^  l(»ail     4.S,.?0()  (mjuikI--  imt  Miu.tre  incli. 

ICtrl.ins;     ^iroti^  iixlinr  for  5  seconds. 

Mav.iiilK'ation     1  <()  diaini'tfrs. 

Kxp<l>IIH-         1     MCI  Hill. 

Cobalt  II  214 

Tt'nsik'  slr(ni;ili  liar. 

Cast  from  just   .ilK)Vf  iiiclinii,  poiiii.  allowtMl  to  ("hiI   in  iron  nionld  and 

ttirncd  in  l.iihc. 
Dati- ()f  niii-o|)liotonra|)h     Mav  1,  1')14. 
Uin.siis     SS4')<i,,i  15°C. 
A-Mlvsis  r^ 

Co. 

Ni. 


Fc. 
Si.. 
Ca. 

S.. 

c. 
p. 


98-7 
none 
115 
014 
none 
0012 
none 

.   0011 


Ktrhing — stronv  i<KliiH' — 14  niinutcs. 
Magnification     !.<0  di.uneters. 
KxfMJSure — _'  seconds. 

'i"his  sample  -hows  [wlyhcdral  <  'vstalline  structure,    with    impurities  re- 
jected lo  the  boundaries  of  ilie  cry-.illine  grains. 

■  "Commercial  Cobalt"  II  130 

Tensile  stn  until  l)ar. 

Cist  froiH  lust  alxne  the  melting  (xiini.  allowed  lo  cool  in  inm  mould,  and 

turned  in  lathe. 
Date  of  iiiiirophotoKrapii    -May  1,  l'J14. 
Dei!>ity     S-76<>0  at  17°C. 

Analssis    -  ^f 

Co 96-5 

Ni ....: 2-0 

Fe 1-27 

C 0-.W5 

S ()()54 

P 11-015 

Brinell  hardne-^  -116-6. 

Etching-  strong  iixHne   ~  7  minutes. 

Magnification     1,?0  diameters. 

Exposure     2  seconds. 


•*IC«OCOPY    RESOLUTION    TiST   CHART 

ANSI  and  ISO  TEST  CHART  No    2j 


^  APPLIED  IIVMGE     I 

S^.  '6^^    East    Ma.fi    St-#e' 

^j5  Roch«sle'.    New    -ork  '4B09         >JSA 

JSS;  ;  "  6)    482  -  0300  -  Pho"e 

^S  ■'"'16}   iSa  -  5989  -  Vq, 
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"Commercial  Cobalt"  H  214c 

Tensile  strength  bar.  ...  ,  ■    •  m    ^„,i 

Cast  from  ju!,t  above  the  melting  innnt.  allowed  to  cool  in  iron  mould,  and 

turned  in  lathe.    Annealed  at  8S0°(". 
Date  of  microphotograph— May  6,  1914. 

^""'^J7 9-.09 

\^'j  none 

Fe:::;;'::'^:'^:'^^'^ i--i5 

C  .  '>()67 

c .  ()()12 

Mn: :.::::  :;■■::■:..: 2-o4 

^i  O-Oil 

f"„  ....   none 

p    ;;■■..■. /,,■.. 0-010 

Tensile  breaking  load- -70,500  pounds  per  stjuare  inch. 
Etching — strong  i<xline-^5  minutes. 
Magnification— 130  diameters. 
Exposure — 1  second. 

"Commercial  Cobalt"  H  214c 

Tensile  strength  bar.  ,,         ,  ,  ■     •  u   „„j 

Cast  from  just  above  the  melting  pomt. ^allowed  to  cfxil  in  iron  mould,  and 

turned  in  lathe.    Annealed  at  1,000°C. 
Date  of  microphotograph — May  2,  1914.  ^ 

Analysis—  ' 

Co 9/ -09 

Ki  none 

&^::;:::::;:::;:::: 1-45^ 

(-  0067 

S 0-012 

Mn:: ::;::::: 2-04 

t^i 0-011 

(^,j  none 

p'  '■■;;;;;■■;■■■  ^  ■  ^  ^  ^ 0-010 

Tensile  breaking  load— 75,200  lbs.  per  square  inch. 
Etching — strong  iodine — 9  minutes. 
Magnification — 130  diameters. 
Exposure — 2  seconds. 

"Commercial  Cobalt"  H  87c 

Tensile  strength  bar.  .  i  i        j 

Cast  from  just  above  the  melting  point,  allowed  to  cool  in  iron  mould,  and 

turned  in  lathe.  Annealed  at  850°C. 
Date  of  microphotograph — May  6,  1914, 
Density— 8-6658  at  17°C.  ^,. 

Analysis—  c 

Co 97-8 

Mi  0-50 

Fe:;::. ■.■.■.'.■.::::.: i-*6 

^  0-020 

C^, ',',['.'.'.'.'.'.'.  .[ 0-18 

I-.,  trace 

Si ;;;;;;;;;;;;;; 0-020 

p      trace 
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(5 

.1 


Ti'nsile  hreakiiiji  load    -60.20(1  |>oun(l>  |)it  M|uari'  iiidi. 
Etching     Strong  iodine     10  niimiti's. 
Magnificati')!!     1.^0  dianu'lers. 
Exposure   1   second. 

"Commercial  Cobalt"  H  87c 

Tensile  strenntli  l)ar. 

Cast  from  just  aliove  the  melting  point,  allowed  to  cool  in  iron  mould,  and 
turned  in  lathe. 

Date  of  II  icrophotograph     May  6.  l')14. 

Analysis  ' ,' 

Co <>7-S 

Fe 1-46 

Ni ()-50 

C ()-18 

S 0-020 

Si ()-()20 

("a none 

E* ()-()l2 

Tensile  breaking  load — .S6,l()0  i)ounds  per  stiuare  inch. 

Etching — strong  iodine — 1  minute. 

Magnification — 1  ,?0  diameters. 

Exposure — 2  seconds. 


"Commercial  Cobalt"  H  109 

Tensile  strength  bar. 

Cast  from  just  above  the  melting  [joint,  allowed  to  c«j1  in  iron  mould,  and 
turned  in  lathe. 

Date  of  microphotograph  — Mav  6,  1914. 

Density— 8-7997  at  18-5°C. 

Analvsis—  'i 

Co 96-8 

\i 0-56 

Fe 2-36 

S 0-022 

C 0-06.? 

P ()-017 

Brinell  hardness — 107. 

Tensile  breaking  load — 52,600  pounds  per  square  inch. 

Etching — strong  iodine — \  minute. 

Magnification — 130  diameters. 

Exposure — I  second. 

"Commercial  Cobalt"  H  211 

Tensile  strength  bar. 

Ca  :  from  just  above  the  melting  point,  allowed  to  cool  in  iron  mould,  and 

machined  in  lathe. 
Date  of  microphotograph — May  6,  1914. 

Analysis—  ' ,' 

C" 0-;8 

S 0-080 

P 0-031 


i 
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Brinell  hardmss-~128-2. 

Tensile  breaking  load--31,0()0  pounds  ptr  s(|uare  inch. 

Etching — strong  iodint — 1  niimite. 

Magnification — l.SO  diameters. 

Exp<wure-    1  second. 

This  sample  shows  "ghosts"  or  "ghost  lines"  because  it  is  suffering  from 
segregation  of  its  impurities,  C,  S,  and  P.  Metals  of  this  kind  are  usually 
brittle,  weak  and  hard,  which  are  the  characteristics  of  this  particular 
sample  as  shown  under  the  tables  of  measurements  ()rereding. 

Pure  Nickel 

Tensile  strength  bar. 

Cast  from  just  above  the  melting  point,  allowed  to  cool  in  iron  mould,  and 
turned  in  lathe. 

Date  of  microphotograph — May  7,  1914. 

Analysis —  '/o 

Ni  99-29 

Fe 0-48 

Co non<- 

S  0-025 

Si 0042 

Ca none 

C none 

Brinell  hardness — 83-1. 

Tensile  breaking  load— 18,000  pounds  per  square  inch. 

Melting  point— 1,45  2°C. 

Etching — nitric  acid.^specific  gravity  1-42 — 4  seconds. 

Magnification— 130  diameters. 

Exposure — 2  seconds. 

This  nickel  shows  polyhedral  crystalline  structure  of  the  pure  metal. 
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10.^.  Austin  BrrH>k  Iron-lK-aring  district,  Ke|H)rl  on-  -by  E.  Lindenian,  M.l-.. 

110.  Western  F'ort  on  of  Torbrmik  Iron  < 're  l>e|)osit9,  Annapolis  count), 

N.S.    Bnlle'.in  .No.  7 — by  HowelU  I'rcchettc,  M..x'. 
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tlH.     Pro<luction  of  Cement,  Lime,  Clay  Products,  Stone  and  other 

Structural  Materials  in  Canada,  1910. 
tits.     Production  of  Iron  and  Steel  in  Canada  during  the  Calendar 

Year  1010. 
tn6.     Production  of  Coal  and  Coke  in  Can.ada  during  the  Calendar 
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184. 
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196.  French  translalion:    Investigalion  of  the  IVat  Bogs  and  IVat  Industry 

of  Canada,  1909-10;  to  which  is  appended  Mr.  Alf.  I.arson'.s  paiH.T  on 
Dr.  Ekenburg'sVVct  CarbonizinR  I'rcx-css:  from  Teknisk  Tidskrifl,  .\o. 
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A.  V.  .Anrep,  Peat  Kxix-rl.     (Si-cond  Kdition,  enlarged.) 

197.  French  tran.slation:     MolyUlenuni  Ores  of  Canada.     Reixirt  on— by 

Professor  T.  1..  Walker,  Ph.D. 

198       French  translation-    Peat  and  Lignite:    Their  Manufacture  ami  I 'ses 
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201.  The  .Mineral  Prckluction  of  Canada  during  the  Calend.ir  Vear  1911. 

Annual  Reijort  on— by  John  Mcl.eish,  B.A. 

N'OTK. —  The  folUnuing,  parts  were  separately  printed  and  issued  in 
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181.     Production  of  Cement,  Lime,  Clay  Products,  Stone,  and  other 
^  nictural   Materials  in  Canada  during  the  Calendar   Year 
1911.     Bulletin   on— by  John    .Mcl.eish,    B.A. 
tl82.     Production  of  Iron  and  Steel  in  Canada  during  the  Calendar 
Year  1911.     Bulletin  on     by  John   Mcl.eish,   B.A. 

183.  C.eneral  Summary  of  the  .Mineral  Production  in  Canada  during 
the  Calendar  Year  1911.  Bulletin  on -bv  John  .McLeish, 
B.A. 

tl99.  Production  of  CopiK-r,  (".old,  Lead,  .Nickel,  Silver,  Zinc,  and 
other  .Metals  of  Canada,  during  the  Calemlar  Year  1911. 
Bulletin  on— by  C.  T.  Carlwrighl,  B.Sc. 

t200.  The  Production  of  Coal  and  Coke  in  Canada  during  the  Calen- 
dar Year  19n.     Bulletin  (m— by  John  .Mcl.eish,  B.A. 

202.  French  translation:    (.raphitc:    Its  Proix-rtics,  Occurrence,  Refining, 

and  Cses— by  Fritz  Cirkel,  M.K.,  1907. 

203.  Building  Stones  of  Canada— Vol.  II:    Building  and  Ornamental  Stones 

of  the  .Maritime  Provinces.     Report  on— bv  Professt)r  \V.  A.  Parks, 
Ph.D. 

20".     The  CopiKT  Smelling  Industry  of  Canada.     Report  on— by  .\.  VV.  G. 
Wilson,  Ph.D. 
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216.  MiiuT.il  I'roiliiiliim  ii(  laiiadii,  l'>12.  I'rclimiiiary  ki'iK)rl  on— by 
John  Mcl.iish,  U.A. 

21').  Fromli  ir,in>l.ili<m:  .\iisiiii  Hnmk  IroTi-lKMrinn  (li>(ri(i.  Kipurl  i>n — 
l)\    \:.   I.iiiilcni.iii,    M.lv. 

22i.  I.dilu  MiiiiiiK  ill  \  iikon:  .\n  invi-ti^.itinii  of  ilic  (Jii.iriz  Di'pusits  of 
the   Kliiiuliki-   Division.     Ktport   on   -by    !'.   .\.    M.irl.r.in,   H.Sc. 

224.     Sninin.iry  Krporl  of  ilir  Minis  Ur  ■    ■  li,  l')12. 

12(>.  I'ri'mli  ir.uisl.iiion:  Clironii'  Iron  On-  IXposiis  of  ilu'  K.isicrr  Town- 
ships. Miinn^r.iph  on  by  Iriiz  (irkil,  M.I!.  iSnpplrnuiiiary 
Sivtion:  ICxpiriiutnis  wiih  (liroiMiic  al  .\l((iill  1  iiiscr^iiy  — by 
I'roftssor  J.  II.  roitir,  K.M.,  D.Sc.l 
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t22''.     Sininnarx    Ktpori    of   ihr   riMnilcnni  aii<l    .N.iinr.d   t  i.is   Kc-ouni's  of 
Canada,  l')12     by  f.  (',.  llap|),  .\.M.     S.c.  Nd.  224.1 

2M).     Kcononiir  Minimis  ,ind  tlic  Mining  Indwsiriis  of  Canada. 

2.il.  l-rcnrh  translation:  I'.i  iinoniic  Minrralsand  the  .Minini;  Inilnslrios  of 
Canada. 

2,<,<.  I-ri'nch  translation;  Ci\psiini  Drposits  of  iIr-  Maritime  I'rovinccs  of 
Canada — incliuliiin  the  Majjd.den  Islands.  Ki'porl  on  by  \V.  I". 
Jennison,    M.K. 

245.  ('•ypsnni  in  Canada:  Its  Occurretue,  Kxploitalion,  and  Teihnolosy. 
Report  on  -by  I..  II.  Cole,  li.Si  . 

2.S4.      Cal.ibogie  Iron-Ue.irinK  Distriil.      Report  on   -b\   I"..  I  .inileiii.m,  M.K. 

2,Si».      I'rep.iration  of  MetalMe  (dball  by  Keihution  of  the  ( )\iile.     Report  on 

-by  l'rofe'.sor  II.  T.  Kalnius,  M.Se.,  I'h.l). 
262.     The  Mineral  I'rodiieiion  of  C.miila  <liirinn  the  Calemlar  Ve.ir   1"M2. 
.Annual  l<op<irt  on     by  John  Mcl.eisli,  li..\. 
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238,  Cieneral  Siitiiniar>'  of  the  .Mineral  rrodiiciiiin  ot  C.m.id.i, 
iliiritin  the  Calendar  \'ear  I'M  2.  Bulletin  on  bv  John 
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t247.      I'roduetion  of  Irottand  Steel  in  C.inad.i  <lurin.i;  lh<' (  .iletiil.ir 
Year  l'>12.      Hnlletin  on     by  John  .M.l.ei-h,  H..\. 
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other  .Metal>  of  Canada,  durinj;  ihe  Calendar  Year  l'M2 

— by  C.   r.  Carlwri^lil,  M.Sc. 
257.     I'rodiKiion   of   Cement,   Clay   Products,    stone,   and   other 

Structural     Materials  duriiiK   the   Calendar    Year   l'M2. 

Report  on-  by  John  Mcl.eish,  B.A. 
t258.     I'rodiiitioii  of  (d.il  and  Coke  in  Canada,  during  the  Calendar 

Year  I')12.      Hulleiin  on     by  John  Mcl.eish,  »..\. 

2f)4  Irench  translation:  Mica:  Its  Occurrence,  Exploitation,  and  I'scs. 
Keporl  on — In    Hunh  S.  ile  Schiuid,  M.K. 

265.  French  translation:  Annual  Mineral  I'nxluction  of  Canada,  1011. 
Report  on — by  John  Mcl.eish,  H..A. 

28,V  Mineral  Production  of  Canada,  191,V  Preliminary  report  on — by  J. 
.Mcl.eish,  B.A. 

28S.  French  translation:      Production  of  Coal  and  Coke  in  Canada  during 
the  Calendar  Year  1912.     Bulletin  on — by  John  Mcl.eish,  H..\. 

200.  F'rcnch  translation:  Pro<luction  of  Copper,  (iold,  lead.  Nickel,  Silver, 
Zinc,  and  Other  Metals  of  Canada,  during  the  Calendar  Year 
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prepared  the  follou'ing  lists  of  mine,  smelter,  and  quarry  operators: 
}.fetal  mines  and  smelters,  Coal  mines,  Stone  quarry  operators.  Manu- 
facturers of  clay  products  and  Manufacturers  of  lime;  copies  of  the 
lists  may  be  obtained  on  application. 
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.\ppendix  I 
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\ol.   I\  - 

.ApiR'udi.v  II 

Boiler   I'ests  and  Diagrams. 

314.  F'rench  translation:  Iron  Ore  Deposits,   Bristol   .Mine,   Pontiac  coimty, 
Quebec.     Report  on  -by  F^.  I.indeman,  M.E. 
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.117.  The  I'rodiution  of  Copper,  (lold,  Lead,  Niikel,  Silver,  Zinc,  and  other 
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.IIS.  The  Production  of  Cement,  l.inie.  Clay  rroducts,  Stone,  and  other 
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.?19.  .\  Cieneral  Summary  (f  the  Mineral  I'rodiution  in  Cana<!a  during  the 
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|ian\  inn  report  No.  M).) 

*ii<.  Siirvex  of  Wtlland  I'e.it  Moi;,  U'.iinlleit  and  lliimhirsione  townships, 
Well.ind  eoiinty,  Ont.irio  by  l>ik  \\slroniand  .\.  v.  .\nrep.  (.\c- 
eonip.inxinn  report   No.  M).) 

*i').  Si!rvey  of  NtiwinKton  IV.it  Hnfi,  ()>n.il)riiik.  i<o\liiiroiinli,  .ml  Cornw.iH 
li>wnships,  Storniont  eoiintv,  Ontario  -by  Krik  Nysironi  and  .\.  v. 
.Anrep.      (.\eeonip.m\  iiiK  report    No.  M).) 

*4().  Survey  of  IVrth  I'eal  Boy,  Drnnimonil  township,  L.m.irk  county, 
Ontario  -hy  l>ik  Nystroni  and  .\.  v.  .Xiirep.  i  .\i  ronip.myinK 
report   No.  30.) 

*n.  Siir\ey  of  \ictoria  Road  I'e.it  Hoj;,  liexle\  .mil  C.irden  townships, 
Xii'loria  county,  Ontario — l>y  Krik  Nystroni  .mil  .\.  v.  .\nrcp. 
(.Vconipanying  report   No.  M)  i 

*4S.  .\laj;netoiiielnc  Surve\  of  Iron  Crown  il.iiin  at  .Niinpkish  '  Kl.i.inch ) 
ri\er,  \ancouver  island,  B.C. — by  K.  I.imleni.in.  Scale  01)  feet 
till   inch.     (.AcconipanyinH  rei«)rt   .No.  47.) 

*4'>.  Maniuionietric  Survey  of  Western  Steel  Iron  claim,  ai  Sechart,  \'.in- 
couver  Island,  B.C. — by  K.  I.indeinan.  S;,ile  60  feet  to  I  inch. 
(.Accompanying  report  No.  47.) 

*5.1.  Iron  Ore  Occurrences,  Ottawa  and  I'ontiac  counties,  (JuebiC,  lOOS^ 
by  J.  White  and  Fritz  Cirkel.     i,.\cconip.myiny  report    No.   23.) 

*54.     Iron    Ore   Occurrences,    .Xrgenteuil    county,    (Juebec,    I')(I,H  — by    I'ritz 
'■•■1.     (.\cci)iiii>.inyini!  report  No.  2.i.)    Out  of  print. 

*.S7.     Ti.  iluctive  Chrome  Iron  Ore  Di.strict  of  Ouebec — by  Fritz  Cirkel. 

l-Viompanying  report   No.  29.) 


XoTK.  —  t.  Maps  markeii  thus  *  arc  to  be  fuumi  only  in  rpiKirt*. 

2.  .M.ips  niarktil  tliiis  t  liavc  twi-n  printiii  iu(ifin^i»iL-"ll>*  ul  repurls,  lu-iice 
can  be  prix'urefl  separati'Iv  by  applicants. 
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tfi4. 

tos. 

t66. 
+  70. 

t72. 
t73. 

74. 

75. 

+76. 
t77. 

t78. 

m. 
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+96. 
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Mamiilipimlrii-  Siirv(\  .)!  llir  Bristol  Mine,  l'i)iiii.ii  icpiiniy,  Oiielxi  — 
\i\  K.  I.iml' man.  S  air  2(KMV('1  tu  1  inch.  i.\i( unipaiuinn  rrport 
No.  67.1 

Tdponrapliical  .Map  ol  Bristol  .Miin,  I'oiitiac  county,  Oiiilxi  -by  K. 
I.indinian.    Scair  2(K)  firt  lo  1  iinli.    (.Vccomijanyiiig  n;pi>rl  No.  (i7.) 

Iiiilrx  Mapot  Nova  S,i)tia;  (iypsiiiii     li\  \V.  I'.  Jonnison.    j   i.Xicoin- 

I    pan\inis' 
Indix  Mapof  Niw  Urn     wiik:  ( '.vpsuiii— by  \V.  I'.  Jciinison  report 

No,  84 1 
Map  of  .M.iKilakn  Islands:  (Apsiini— by  \V.  I'.  Jiniiison. 

.MaKiieioinitric  Survey  of  .Norihciisl  .\rni  Iron  Range,  Lake  riiiM«.iini, 
NipissiiiH  <lisirit;,  ()titario-by  K.  I.indeinati.  Srale  -'(K)  leet  =  1 
i.icli.     (.Vcoinpanying  report  .No.  6,?.) 


(.\e(  oinpanying 
report   No  71  ' 

(  )m'.  of  print. 


Brunner  IVal  Bog,  Ontario — by  A.  v.  Anrep. 

Koinoka  I'eat  BoR,  Ontario— by  A.  v.  .\nrep. 

Brockville  I'eat  Bo«,  Ontario      by  A.  v.  .\nrep. 

Konde.iu  IVat  Bog,  Ontario  -by  .\.  v.  Anrep. 

.\lfred  I'eat  Bog,  Ontario — b\  .\.  v.  .\nrer.. 

.\lfrcd  I'eat  Bog,  Ontario;   Main  Diteli  protile— 
by  A.  v.  Anrep. 

Map  of  .\sbesios   Region,    I'rovimc  of  Oiicbee,   I'MD— by   I  rii/  Cirkel. 
Scale  1  mile  to  1  inch.     t.\cconipanying  report  No.  6'>  i 

Map  showing  Cob.il!,  ( iowgand.',  Sliiningtree,  and  i'orciii.ine  districts 
—by  !..  II.  Cole.     u\ccoiiip,in\ iii^;  Summary  rep^irt,  I'JlO.i 

(■eneral     .vlap    of    C.in.ida,     showing    Coal     I-'iekls.      i.\ccompan\  ing 
report  .No.  S.<     1)\   Dr.  J.  B.  Porter.'' 

General     M.ip    ol    Coal    Fields  of    Nov.i    Scotia  .md    New    Brunswick. 
.Aceomp.inying  rei)ort  No.  8.!— by  Dr.  J.  B.  Porter.' 

(.eneral     M.ip    siiowing    C.r.d    l-iclds   in    Albert.i,    Saskatchewan,    and 
.M.itiitoba.     i.Xccomp.inymg  report    No.   S,i— by   Dr.  J.   B.   P.irter.) 

Noll-..--l.   MapMiiuckcl  lliu- '  ar.>  t..  li.- fimnil  uiiK  in  r.M«>ri- 

J.  Miips  nuirkoil  thus  +  luivi-  lucn  phiniil  in'li'l»-n(i.TH!y  '■(  r.-ijctt-,  iicim. 
can  l,t*  procured  si-paLitfly  l,y  aiili'.Kaius. 


i')X.     ( Icnor.il    \I.i|i  nf  Co.il   I  iilcN   in    llriiUli   t  uliiiiilii.i.      ^  .\i("iM|'.Muiiij{ 
rcp.)rt    Nn.   SS     \,y    Dr.   J.    li.    I'..riir, 

tW.     (Ji'iKT.il    Map   lit    (ii.il    lirlil    ill    ^■ukon     ririiturv.      ( Accniiip.iiuiiii; 
rcpurl    No.  S.t-  l,v    Dr.  j.   H.  l'(,rUT, 

+  I(W).  (  nciliiijii  .il  M.ip  .if  All  .till  Mroiik  Irun  HiMiini;  cli~liirt,  H.illuii-i  luwii- 
-liip,  (  .liiiKoiri  cniiniy,  N.H.  l.v  i;,  l.iiiili-ni.in.  S  ,ili-  tlHI  liii  lo 
1  ini  li.      I  Aniiiiip.in\  inn    rrpcirt     No.    I(l.>.  i 

tUi".  M.iKncinnic-iric  Sur\is,  Wriic.il  Iniciwiiv  ;  .\u-iin  Mni..k  licii  [ic.!i- 
iiiK  Di'lrirt  1)\  ]■'..  l.iiulniMM.  N  ,ili-  tIK)  ten  I..  I  im  li.  i.Vioin- 
p.in\  inv;  ri'iiort    \ti.   l(l.>.  i 

mtS.  liicliA  .\l,ip -liiiwini;  (run  liiMriiii;  .\rr,i  ,ii  .\ii>iin  Hnml;  |p\  i;.  I.iiiclc- 
111, in.      I  .\i  iiimp.iin  iiii;  n-piiri    No.  tll.^.^ 

*11J.  -^kii.  Ii  pl.iii  -liowii  n  I  „.nlni;\  .1!  I'c.iiii  \l,iiii,iin-r,  I  )ni .  -I  i\  I 'r.  )li>-;i  ir 
A.    ('.     I. am.     Sr.ilr,   4,l)lKMfii   in  I    in.li.        .\.  ruinp.iiu  in;;    report 

.\o.    111.1 


tU.^. 


Ilollaml  I'iMt    lion,  Ontario     l)\   .\.  \.  .\nrrp.      '  .\i  1  oi\i|>.in\  ini;  'rporl 
.\o,    I  SI.  I 


*11')  1.^7.  Mii-.i:  r<!«n.-liip  iii.ip.,  Oni.iiio  ,in:l  i.MhIht  liy  llm;h  S.  .|c 
Scliniiil.      '  .\rionipan\  iiii^    rcpori     No.    U.S. 

fl.iS.  Mii.i;  ^llo^vin,l;  l.oiMiion  .il"  rriiicip.il  Mine-  ami  I  Kitirnnri  -  in  ilii- 
Ijiichir  Mir.i  .\riM  -li\  IIiikIi  >■.  ilr  Srluniil.  >c.ilr  S  ').S  inijc,  i,, 
1    ill!  h.        .\icoinp,in\  in^  n-porl    No.  lIS.. 

tl.<''.  .\lir,i:  Shotting  l.or.ilion  of  rrin.ipil  .\|iiu-~  .ind  I  )riiirnnrc-  in  tin- 
Oiiiario  Mica  .\rea- -liy  lliiijli  S.  ilr  Silimiil.  S,-.,!,.  .\  ')•,  niilcs  to 
1    incli.      i.\i'coinp,iti\  in^  ri'iiori    No.  11,'-;. 

tl4l).  .\liiM:  Sliov  iii^  Di^triiiiilion  of  ilu-  I'rinrip.il  .\|i,M  O  ■.iirr.-n.us 
in  ilu'  Doiiiiiiion  of  Can.ida  -li\  lln^liS  ili-  Siliniiil.  "mmI.-  .>  ').i 
mile.,  to    I  itu'li.      1  .\icoiiip,in\  inn  report    No.  ]\X.: 

tl41.  '■  .rlirook  Iron  liciring  l)i-.triit,  .\iiii.i|i.ili^  ronni\ .  N  s.  Ii\  llow.lls 
I- ri'-rlu-i  Ir.  Sc,  lie  41 K)  feet  10  1  imh.  v.Vc.mip.iiu  inn  ii'P""  ^'i. 
110.) 

tl40.  I  )istrilHition  of  Iron  Ore  S.iHil^  of  ilie  Iron  ( )ie  Depo-ii,  :ai  the  Nor'li 
Sliore  of  tile  Ki\er  and  (  .ulf  of  St.  I..i\vreiirr,  C.in.nj.i  -In  I  ,eo. 
C.  .Mackenzie.  S,  ,ile  Hill  utiles  to  1  incli.  .\rc.,inpan\  inn  report 
No    I4.V1 

NiOK.  -1.    M.i],-  iii.irk.-.l  lliii-  "  ,11..  I. J  l».  luuiicl  only  ;:■  tii»irts. 

J.    .Map-  marlica  thii-    •    li.i\<.  U-cti   i»rintrd   iii-iipiii'li-nlK    of  r.i„,r[-    li.-n- .• 
laii  !»•  |)r.;<  iM'ii  s,  |,.it,il.'!v  Ijy  aiiiilii  unt-^. 
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tl47. 

tt4«. 
tlS2. 

tts,?. 

tl57. 
tl5K. 
tl.V). 
tlfiO. 
+  161. 
tl62. 
tl6.?. 
tl64. 

tl65. 

•166. 

tl68. 

tin. 


Munm'lic  Inm  Sand  Dc'iMwil*  in  rrl.ilinn  tii  N.il,i>lik«.in  li.irlxiur  ,iml 
('■riMl  Nal.ishkwan  rivtr,  (Juf.  (Inclivx  Map.  -I>\  dci).  (.'.  Mackenzie. 
Salt- 40  chains  to  1  inch.    {.\cconi|)iinyinK  report  No.  14.S.) 

Natashkwan  Magnetic  Iron  Sand  Deposits,  Sanm-nav  coiiniv,  One.— 
by  Cieo.  C.  Mackenzie.  Scale  I.IHHI  feel  to  1  inch.  (.Vconipanving 
re|Hirt  No.  I4.S.) 

Map  showiin;  the  Location  of  I'eat   Hotj'*  in\e>ti(.'aleil  in 
()ntarii>-liy  A.  v.  Anrep.  | 

Map  Showing  the  I.cx-ulion  of  I'eat  Hogs  invesiig.iied  in  i 
.M.initoba     l>y    .\.    v.    .^nrep. 


I.a(<hi  Bonnet  I'eat  Hog,  Manitoba    -by  A.  \.  .\nrep. 
Transnii-sioii  I'eal   Hog,  Manilob.i — by  .\.  v.  .\nrep. 
Corduroy  I'eat  Hog,  M.initoba   -by  .\.  v.  .\nrep. 
Hoggy  treek  I'eat  Hog,  Manitoba  -by  .\.  v.  Anrep. 
Rice  l..ike  IVat  Hog,  Manitoba  -by  .\.  v.  Anre|). 
.Mud  Lake  I'eat  Hog,  Manitoba  —by  A.  v.  .\nrep. 
Litter  I'eat  Hog.  M.initoba — by  .\.  v.  .\nrep. 


(Accoin- 

panjing 

report 

No.   LSI) 


Julius  I'eat  Litter  Hog,  Manitoba  -by  .\. 

V.  Anrep. 

'.Accompanying  report  No. 
Fort    Francis   I'eat    Hog,  Ontario  -b\    .\.  :  151. J 

V.    Anrep.  j 

.Magnetoinelric  Map  of  Mine  No.  .^  Lot  7,  Concessions  \'  and  \'I, 
McKini  township,  Sudbury  district,  Ont. — by  K.  Lindcnian.  (Ac- 
companying Summary  Report,  1">11.) 

.Map  showing  Pyrites  Mines  and  Prospects  in  Eastern  Canada,  and 
their  relation  to  the  United  St.ites  Market — by  A.  VV.  G.  Wilson. 
Scale  \25  miles  to  1  in-h.     (.Vcompanying  report  No.  167.) 

Geological  Map  of  Sudbury  Nickel  region,  Ont. — by  Prof.  A.  P.  Cole- 
man.   Scale  1  mile  to  1  inch.     (.Vconipanying  report  .No.  170.) 

Note. —  t.  Maps  nmrki'd  thus  •  are  to  be  found  only  in  reports. 

2.  Maps  marki'd  tlius  t  liav.-  hei-n  printwl  indepen''  >ntly  of  reports,  hence 
can  Iw  proeuretl  !«'i)arately  hy  applicants. 


xvii 

tt7.'.     (ii'iildnir.il   M.ip  I'f  \  iitori.i    mini'-   li>    I'n.l.  A. 
I'.  Culriiiaii. 


♦  17.<.  ('ic()li)nii-,il  M.ip  (il  (riMii  Hill  iiiiiic  li\  I'rof.  '  I  Akoiiiimiin  Inv:  ri'- 
\.    I',  (iiliiii.iii.  [Hirl    Ni)    170. 1 

tl74.     I  iiMil(it{ii,il  M.ip  iif  (  rrinliliin   ininr     li\   I'nil.  A. 
I'.  (Dliinan.  I 

tl75.     ( iciiliiKU'iil     M.ip    "liiiwliit;    nini.irt     nf     Nuriir     .iml     I  .iiirtiin.in     in 

vi<iiiil\    111   (  ninlm  11   iiiiiic     li\    I'ml.    A.    I'. 
Ciilriii.in.     !  \i  I  i>iiip.in\  iii^  rcporl    Nci.   17(1.) 

tt7f>.  "  "  (if   ('iipiKT  (lilt   iifWl      liv    I'rof.    A.    I'.   (  iil.in.iii. 

i.\(<iilllp.lIl\illK  rrporl    .No.    170.1 

flTT.  "  "  Nil.    (   .\liiir     li\    I'rof.   .\.   I',  (olniMii.      i.Xniini- 

p.iin  iii^  rrporl   No.  170.  i 

tI7«.  "  "  >lio«iiin  xiiiiiiiy  of  Sioliir  ,iiii|    .No.  .<   Miitic-i  -  li> 

I'rof.  .\.  I',  (iik'iii.iii.     i.\cLi)iiip.iiiviiiK  ri|Mirl 
No.    170.1 

tli*<5.  .MaKni'tonu'tric  Survey,  Wriir.il  liut'n>iiy:  Rl.iirlon  iron  mine,  Hel- 
nionl  liittn>.iip.  {'eterlniroiiKli  loiimv,  Otu.irio  liy  K.  I.indeiii.in, 
I<>11.     Si.ile  >(M)  feet  ;o  1  iilili.     i.Vi  iiiiip.tnyiii«  report   No.  1.S4.) 

tl.**.^;!.  (ieolonie.il  .Map,  Kl.iirion  iron  iiiiiie,  Hetinoiil  lowrwliip,  I'l'ierlioroii^li 
county,  Ont.irio  In  K.  I.iiiileiiian,  l')ll.  S-.ile  200  feel  to  I  iiuli. 
I. \i<oni|)iinyinn  report  No.  184.) 

11N6.  Masnelonietrie  Survey,  Belmont  iron  mine,  Belmont  township,  Peter- 
borough county,  Oni.— by  K.  I.iiiilenian,  I'JIl.  Sale  J(K)  feet  lo 
1  iiuli.      (Accuni|)anyiiiK  report    No.   1.S4.I 

tl.'^'ia.  (ieolonieal  Map,  Belmont  iron  mine,  Belmont  towi.  iiip,  I'elorboroURh 
eounly,  Ontario — by  I'..  I.inileman,  l'>li.  Scale  200  fiTt  to  1  inih. 
lAccompanyins  reporl    No.   1.S4.) 

tl.'<7.  Maynetometric  Surve> ,  \ertical  Intensity:  St.  Charles  mine,  Tuilor 
township,  Ha>linns  county,  Onl.irio  by  F..  I.indeni.in,  1'>11.  Scale 
2(M)  feet  to  1  inch.     (Arconipanyinn  repori    No.   184. j 

+  187a.  (icological  .Map,  St.  Charles  mine,  Tudor  township,  Hastings  county, 
Ontario--by  K.  I.indeni.in,  !'H1.  Scale  iOO  feet  1  inch.  tAc- 
conipanying  report  No.  l,H4.i 

Nurt. —  I.   Map.-i  marked  tlius  *  :irt'  to  bi-  ftmud  only  in  rrpDrts. 

2.   .Map-.*  niarkt.(l  thii.J  t  liavi-  tM-i'ii  printi'd   in.li-iii-ntli.ntly  of  ri'i^irts,  hi-no- 
can  Ijc  prixurtnl  sciwratt'ly  l)y  applicants. 
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ilHH.  Matjniliiiniirii  Siirvr\ ,  Wriii.il  lnliii<ilv;  HakiT  iiiiiic,  I'liilur  ii)«ii- 
»hi|i,  ll.i'liiiKH  loiinlv,  Oiii.irio  -li\  K.  l.iinlrriMii,  I'MI.  S(  .ile 
J(H)  fffi  tci  I  imh.     i.\<ii>iii|i.iiiyiiiK  rt'|Hiri    \.i.   IS4.) 

tISX.i.  (rttjIoKJcil  M.ip,  Maker  iiiinf.  Tinlcir  lottii«lii|),  llasliiiijs  ,.;iiiiiy, 
Oncario -l)v  IC.  I.iniliman,  I'MI.  S(  ale  -'0:i  fuel  to  1  iiu  h.  .V- 
ciiiii|)<iiiyin<  ri'iMirt  No.  ISJ.i 

tlH").  .M.imu'toiiH'tric  Survey,  \iTiiial  lnnii«iiy:  Ridij  •  iron  on'  ileposii., 
\VolIa'<lon  to\Mi-.lii|i,  ll.i^<liiit{s  I  >iiilly  Om.irio  -hy  K.  I.inilerii.iii, 
l'»U.     Sale  JIH(  feel  lo  1  inrh.     I.Vi  iiiiiMiniii^  rejMirt   .\o.  liS4.i 

tl')0.  ManneloiiHirii-  Survey,  Xeriical  Ir  iiwily:  Coehill  and  Jenkins 
mines.  \Volla«lon  township.  IIa«tiiii<*  county,  Oni.irio  — by  1'..  I.iiule- 
nian,  1">1I.  Siale  i(Hl  feet  to  I  inch.  (.\cconi|i.inying  rejHirt  No. 
184.) 

tl'IOa.  ( icolo^ical  Map,  ('o»-hill  anil  Jenkins  mines.  Wollision  township, 
IlasiiuKs  county.  ()nl.irio-~l)y  K.  I.indem.m,  l")|l.  Si'ale  2(M(  fwl  to 
1  inch.     l.\ccomp.inyin;{  re|K)rl    .No.   1''    t. 

tl'M.  Manuel  omelric  Survey,  \  ertic.il  Intensity;  Hess  •:ner  iron  ore  deposits, 
.Mayo  township,  Hastings  county,  Om.irio —In  E.  l.indiiii.in,  1'>11. 
Scale  2(KI  feel  to  1  inch.     (.Vcomp.inyinK  ripo.l   No.  1S4.) 

tl''la.  fieolo^ical  M.ip,  Hessemer  iron  ore  di  [losits,  M.iyii  lownship,  ILoling-s 
county,  Oni.irio  — by  K.  I.indeni.m,  fit.  Scale  J(tO  feel  to  1  inch. 
(.\ccom|)iiny inn  re|H>rl   No.  IH4.1 

fV)2.  M.igneloinelric  Survey,  \ertic.il  Intensity;  K.mkiti,  ("hilds,  .titd 
Stexeiis  mines.  Mayo  township,  ll.isiiPKS  county,  Ontario —l>y  K. 
l-indeuKiii,  I'MI.  Scale  200  fe;'t  to  t  inch.  '.\cconip.inyin,;  report 
N.i.    I.St.) 

tt''2a.  ( ieolo^icil  M.ip,  K.inkin.  Cliilds,  .md  Steviiis  mines.  M.iyo  toivn- 
ship,  llasiiuKs  county.  Ontario — h\  E.  Lindeinm.  t'Ut.  Sc.ile 
21 K I  feet  to  t  inch.     (.\(  conip;inyinn  report  No.  1S4.) 

tl'M.  .M.ini"'tomelric-  Survey.  Verticil  Intensity:  Kennei|>  properly.  Car- 
li^'.v  township.  Il.istinns  county.  Oni.irio —by  IC.  I.iiiileman,  I')ll. 
Sale  2(M)  feet  lo  1  incli.      (.\ccomp.iiiyinn  report   No.  1.S4.I 

tl'/ia.  I  ieiilosjical  .Map,  Kenriedy  properly,  C.irlow  ti.ittnship.  H.islinijs 
county,  Ontario — by  K.  I.iiideiu.in,  I'MI.  Sc.ile  200  feel  to  1  inch. 
(.Accomp.iininn  re|)<)ri   .No.  1X4. j 


,\iiIK. —  t.    M.iii'  iiuitkcd  thui  *  are  to  Im*  lound  only  in  rfiK>rt^ 

J.  .Mdi»  nuirkt**!  thus  t  tiavf  bpoii  printed  inih-p'-n-l'Milh'  ol  ri-iHjrts.  In-ii-i 
1  ;tn  t)**  prtK-urfd  seitirati'ly  by  appHiants. 


MX 

♦  I'M.  M.i^iM'liirui-lrir  ^iirviA  ,  \iiiii.il  IiiMiHitN:  Hnw  I  ..Kt-  iron  uri' <n  rtir- 
riTUt'K,  lar.iil.ix  IumihIiIii.  Il.i-liii.  •■  <  ininr\ ,  Uih  irio  li\  l.  linilr- 
til. 111.  I'M  I,    S<  .lU' ilHMicI  iip  1  iiii  li      I  \i  riiiii|i.iii\  iiiv:  rr|i<>ri   Nn    Islj 

t.'lU.  liiiUx  M.ip,  M.iKiii  lii  '»  I  iirrt  Mil  -  iImiih  ilir  (,  iiii.it  l  )iii,iriM  U.iiU.iy 
— Iiy  K.  l.imlriii.iM,  I'lll.     I Ai  1  ■iiii|i.in\iiik    i  pun   Nu    l>>l 

f.'ii5.  M.iKiiriuniiirii  M.ip,  Mixw  Miiiiiii.iiii  iiiiiilH-.iriiin  ili^irii  i,  >iii|liiii\ 
ilisiric  I,  OiiLiriii:  |)i'(Hisii.*  \ii^.  1,  2,  ^,  -I,  S,  >t,  .iinl  7  li>  I..  I  imlr- 
111. Ill,   I'lll.      i  \i  1  iiiiip.iii\iin;  rrpcirl    Nil.  .(Oil 

*Jii5,i.  (,ii)liinii  .il    M.ip,    MiKix-    Muiiiii.iiii    irmi  InMritiK    ill-uiii.    nihIIihi- 
(lislriii,  <)iii.irii).     I)i'|M)!<it>  NOs.  I,  i,  .?,  I,  5,  (i,  .iiid  7     I..   I..  I  in  ' 
111. in.     i.\ici)iiip,iii\  ini;  rcpiiri  Nu.  .<(M.i 

t.''"i.      M.innrliiiutrii     SiirMv     nl     \|iHi«t-     Mniinl.iin    imii  UMriiit;    ilisit 
>ili|li  'i^iriil,   (lin.iriii;      NnrlJHrii   p.irl    nf    Drpu-il     Nn     .' 

K.  I.iniu'lii.ii;,  l''IJ.    S.ilc  .'(M)fiii  lo  limli.     i.Vi  miip.iin  iii^  r«i. 
Nil.   ,»0.«,| 

t2l)7.      \l.i^;iirliiiiii'trii'    SiirM'V     iil     M.)ii-.i'     Muiiiit.iiii    irmi  lir.irliiv;    iM-im. 
Siiilliiiry   ili-ilriri,    (tiii.irii.       l)t|Mi>iis    N'ls     ,><.    'I.   .iml    ')  \     \,: 
l.inik'iii.ui,    \'>12.     >ii..ile  JiM)  kit  til  I  imii.      i.V  loiiip.iiu  iiii;   iip. 
N...  .MM.  I 

+  20,s.  M.iv;iit'tiinit'inr  ^uima  n!  Mmor  MniiiiMin  iriin-JHMrink;  li'^"  i, 
Siiilliiiry  ilisiriii,  ( (iii.iriii;  Dtpn-ii  Nii.  10  li\  I'..  I.inilnii.in  '  li. 
Sr.ilr  ilKI  li-ii  III  1  iiii  li.      <  .\i  riiiiip.iiiyiiiK  rrpuri    Nn.  .ilH.i 

t-'ii>^.i.   .\l.i^;iH'liiiiU'lric  Siir\ry,   .\lixisi'   Motiiu.iin  iruii-lHMrini;  ilUtn.   , 

liiiry   (lisiriii,  ()ni.irii>:     ICastiin  |K.riiiiii  of  Drpusit    No.   II  |, 

l.iiKJi'iii.in,    I'Mi.      >Mlr  J(K)  led  lo  I  inrli.       .\i  riiiiip.iii\   n,  ,.rt 

No.  Mt.^.) 

t-ll.Sh.   .M.i^iu'loiurlric  SiirMV,   .Mmi^i-  Mntiiii.uii  iioii-lH-.iriiin  i|i»:  .  >iii|- 

Imry  ilisirici,  (.inLirio:     \\'i'-iiTn  ponioii  of  Dt'imr-il    No.   l!  ii\    i;. 

I.inclrm.in,    \'>\2.     Scile  JlKI  h- :   'o  I  imli.       .\i(oiiip,iii\  iii^  ri-pori 
No.  .?(>.!.) 

tiUSi'.  ( '.riirr.il  ( 'nolojiii'.il  .\l.ip,  .Moiw  .Mount. liii  iron  111. iriiti;  ili-itirt .  ^  1(1- 
Imry  cli-trict,  <  )ni,irio  li\  I!,  l.indriii.in.  \'>\2.  Sc.ilr,  MHi  fiit  to 
1  inch.        .\rioiiip, ins  inn  upon   No    Mf'i 

tjll  .  l,oi:iliiiii  ol  CoppiT  Siiu-lliT-  in  Ciii.nl.i  li\  .\.  \\  .  <  •.  WiUon.  Si.ik- 
l')7'.i  iiiili'^  to  1  iiu  li.      .\i(onip.in\  ill);  npon  .No.  20'). . 


\oli  .  -1.    M.i:h  m.trkeil  ttiu-  "  .tr-    <■)  b.'  luun'l  iiMi\  '; 

_'.    .\!.ti.'  iii.irkv*U  t!iu>   1    li.iv.'  1m.*-ii  i.riiili-.|  Lii 

<  .m  In-  [iriHMiri-il  .it.;.iir;itf!y  by  apiitican.^. 


■!l'l'Mltl\     III    n-jiiitt",   lllMlIt 


m 

til5.  I'nivincc  of  MlMriu:  •'•nwinK  pmiM-rt iri  froiii  wliiili  s,iiii|)k'a  nf  tiul 
wiTr  takrn  (or  K'I"  priHliiciT  tP!4i«,  I'liil  |V«liiin  |)ivi«iiiii,  Uii.m.t. 
(An  iiinikinvinK  Siiimii.ir>    K<'|Hirl    I'Mi  i 

UiO.  MiniiiK  DiMrirtK,  Yukiin.  Scale  JA  niiloin  I  imh  l>)  1.  A.  MaiLciin. 
(ArriiiniMnyinK  ri'|M>rl  No.  212.) 

t.'21  l).iw.ipii  Miniiix  DiKtritt,  Ynkmi.  S.ilr  .>  iiiili-.  lo  I  iiii  h  li\  I  A. 
M.K  l.r.iii.     I  Ak  i>iii|>.iiniii){  r<|Kpri   Nn.  222.1 

'22S.  Inclix  Map  u(  the  S>ilin\  ('imI  Firld,  1'.i|h'  llriton,  N.S.  i  Ariiiiii|i.inv- 
iiiK  rt'iMirl   Ni).  227.1 

t2.U.  Mineral  Map  iif  C.inail.i.  Sale  KM)  iiiilrs  td  1  inch.  (.Vronipanvinn 
rt'ixirt  Nil   2Mt.) 

♦  2,<'»  liiilix  M.ipcif  (aiiail.i,  ^ImwinK  KvpHtini  ■xciirrcncr't.  (.VciimpunviriK 
n|H>ri   .No.  24.'.  i 

t240.  Map  Khowing  l.imcr  ('ailninifiTciiis  fiiriMaliDii  in  »liirli  nypsiini  mrur-. 
Scale  Id     iiiih  s  i<i  I  inch.     <.\i'(iinip.in\  in«  ri'|i'>rl    No.  2^S.) 

t24t.  .M.ip  shi)'v!nt{  rclali.  f  nypsnin  <li-po*ii,  in  .N'urlluTn  Onlarin  In 
railway   li ich      Scali'    IIWI  mill's  in   1  inch.     <  .\c  conipanN  in({    rt'|H>rt 

Ni).  24.S.) 

t242.  Map,  ('■r.md  River  n\p«iiiii  (le[)i)siis,  Oniariu.  Sale  4  miles tci  I  inch. 
'.XcciimpanyinK  rep.irl   No.  HSj 


t24.?. 


Plan  of   Manitoba  <  iypsum  Co. '•<  properties.      l.\crompan\ inn  report 
No.  24.V) 


+244.  M.ip  showing  relation  of  gypKtim  de|)o-iits  in  Urittiih  t'olunibia  to 
railway  lines  and  market .  Sales  .?.S  miles  to  1  inch.  ( .Xccompanying 
report  No.  245. 

t24'».  Magnetometric  Survey,  t'aldwell  and  Can  ;iIk'iI  mini's,  Calalxjgie  dis- 
trict, Renfrew  county,  Ontario— by  E.  I.indeman,  l')ll.  Scale 
2()0  feel  to  1  inch.     {.\ccom[>.in\iiig  re|)ort  .No.  254.) 

t250.  M  ignetomet'ic  Survey,  Ulack  Bay  or  Williams  .nine,  Calabogie 
district,  Renfrew  crunty,  Ontario— by  E.  I.indem.m,  1911.  Scale 
2tX)  feet  to  1  inch.     (Accompanying  report  No.  254.) 


Note. — t.   .Maps  marked  thus  *  arc  to  ;«■  fduml  (inly  in  rciiort!*. 

2.  .Maps  marked  thus  t  have  lieen  printed  incieiieniJently  (if  report*,  lience 
can  tie  procured  se[iarately  by  applicants. 
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tJ5t,  M.itinf-.iiniclric  SurM-y,  Hliitf  I'ninl  iron  minr,  <  .il.ilxiui)'  •li'trirt, 
Kcnirt'w  ioiinix,  Otii.irtM  li\  I;.  limlriiMii.  I')||  N  .ilr  .'(Hi  fi.i  i.i 
I  imh.     (All  iiiii|iuii)  iiiK  ri'imri   Nn.  i.<4  i 

t25J.  MaKiicliiniiirii'  'Mir\>'\,  C'lillunr  iiiinc,  (  .il.ilnitiii'  ili-iriil,  Knilnw 
cciunlv,  Om.irio  by  I-.,  lindi'iiiaii,  l''ll.  S-.ilf  2lNi  fni  lu  1  imh 
(.\('<iiiii|i.iii\  iim  ri|»iri    Nil.  i^i.j 

tii.i.  M.iKiHiimiflrii  'MirxiA,  M.irlcl  or  Wiloiii  imn  niiiif,  (  .il.ilionir  ilis- 
Iriil.  Kciifriw  iiiiiiilN,  <  )m.iriii  -  liy  I'..  I.inili'iii.in,  I'lll.  "N.ilr 
ilK)  fcrl  t')  I  imh.     i.\cniiii|kiii> iii^  ri'|H>ri  Nu.  1S^I. 

ti()l.  .M.inmiciiiuMrii  >iirM\,  Nurlhra-t  Arm  irmi  r.tiiKi-,  I  i>i  .<<''  K.  I.  \V. 
Lake  riiii.iKii'ii,  NiiiisKinn  ilislrii t,  < )nt.iriii  li\  K  S\-imrii,  I'WU. 
Salt'  2(N)  fill  Ui  t  ini  h 

t.'6S.  .Map  I.I  I'lal   \U^h  ln\i>likial<i|  in  (JiuUr     |p\  .\.  v.  Arinp,  I'M.'. 

t >6"*.  I.arm-  IVa  liil.l  IVat  »(.«,  UihIkt 

ti70.  Small  r.M  I'iilil  IVai  U..«,  ijuvlivc 

t27I.  I.aniirif  I'l.i!  Hhk,  OihIici-  "  " 

'<2'2.  St.  Ilyaiinthf  IVat  Hon,  niicU't  "  " 

♦  27.1  RiviiTi'  ilti  l.iiiiii  IVat  Hn^  "  " 

t274.  CaiDuna  IVal  Boi;  "  " 

t!75.  Ix  I'urc  IVal  Hog,  niiel.t<- 

t27().  Si.  Denis  IVal  Hog,  Oiiflni:  "  " 

t277.  Rivivrc  OiiclK'  IVat  Hog,  nmlxc 

t27S.  Moost-  Mi.uiilaiii  IVat  Hok.  iJiiiIkc  "  " 

t284.  Map  of  northiTii  porlion  of  .\U«Tta,  showinn  position  of  outcrops  of 
bituminous  sand.  Siair  ]1\  miUs  lo  1  inch.  •  .Xitompanying 
ri'port   No.  2X\.i 

t2yj.  Map  i)f  Dominion  of  Canada,  showing  tho  iKCiirrt'nccs  of  oil,  gas,  and 
tar  sands.  Scale  1''7  miles  to  1  inch.  (Accompanying  ri'(K)rl  .No. 
2'»1.) 

.\(Hli.  — I.    Maps  niurki*il  thu^  •  an-  tn  l>i-  Intintl  only  in  ri-imrt.*. 

2.    Nl.-ijs  murlcrcl  ttlilii  t   havi-   ln-i-n   primi-ii   in(!c[«-ii(!iMit!y   nt   rrinjrt'i,  tu-nff 
can  Im"  iirociiriij  si'paratrly  tjy  ap[ilii'ant!(. 


t2')4.  Reconnaissance  Map  of  part  of  A'berl  and  Westniorlaml  counties, 
New  Brunswick.  Scale  1  milt  lo  1  inch.  I  .Acconipanyiny  report 
No.  i'll,) 

+2y.v  Sketch  plan  of  daspe  oil  fields,  Oiiebec,  showing  location  of  wells. 
S<ale  2  miles  to  1  inch.     i.XcconipanyinK  report  No.  2'>1.) 

t2')(>.  Map  .showinK  ^asand  oil  fields  and  pipe-lines  in  Sf)iithweslern  Ontario. 
Scale  4  miles  lo  1  inch.     I.Xccompaiiyinn  report  No.  2'>1.) 

t2''".  (leological  Map  of  Alberta,  Saskatchewan  and  .Manitoba.  Scale  ,'.'' 
miles  to  1  inch.     (.Accompanying  report  No.  2'M.I 

t2')8.  Map,  ( ieology  of  the  lorty-ninth  parallel,  (!.'»,'<()4  miles  to  1  inch. 
(.\LCompanying  report  No.  2')l.i 

jM\2.  Map  showing  location  of  main  gas  line,  How  Island-Calgary.  Scale 
12J  miles  to  1  inch.     '.Accompanying  report  No.  I'H.) 

t.Ml.  Magnetomelric  Map,  Mcl'herson  mine,  Barachois,  Cape  Breton 
county,  Nova  Scotia.     Scale  2(H)  feel  to  1  inch. 

t.?12.  Magnetomelric  Map,  iron  ore  deposits  at  Ipper  Cilencoe,  Inverness 
county,  .Nova  Scotia.     Scale  2iH)  feet  to  1  inch. 

t313.  Magnetomelric  Map,  iron  ore  deposits  at  Cirand  Mira,  Cape  Breton 
County,  Nova  Scotia.     Scale  200  feet  to  1  inch. 

Address  all  communications  to — 

rjiRECTOR  Minks  Br.vxch, 

Dl-I'.VRTMENT   OF    .MlNES, 
SlssE.X   SlRliliT,    OtT.^WA. 


Note. —  1.  Maps  marked  thus  ♦  are  to  be  found  only  in  reports. 

2.  Maps  niariced  thus  t  have  Ikhmi  printed  independentiy  of  report:?,  hence 
can  be  procured  separately  by  apphcants. 


